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INTRODUCTION 
Although a number of quantitative selection experiments 
have been reported as far back as the early work on chickens 
by Pearl (1912), much of it has been handicapped by a lack 
of adequate control populations to check environmental trends 
and by small population sizes resulting in inbreeding and 
large sampling errors. More recently trie application of 
control populations and high speed electronic equipment to 
large amounts of data has permitted environmentally corrected 
observations and has enabled the breeder to make some judge­
ment as to the validity of modern selection theory. 
Observed genetic changes from selection have frequently 
not followed expectations (Pesting and Nordskog, 1967). 
Examples are asymmetrical responses from selection in the 
up and down directions such as those found by Falconer 
(i960) for body weight selection in mice. The problem then 
has been to hypothesize genetic models and conditions making 
the observed results compatible with theory. This has been 
supplemented by Monte Carlo studies on computers simulating 
selection experiments. 
While individual traits have been studied most fre­
quently in poultry, information has been lacking on composite 
measures such as egg mass and efficiency of feed utilization. 
Such composite traits are important because of their rela­
tionship to profitability. The economic aspects of effi-
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ciency of production is not yet well understood and there­
fore a complete definition of realistic selection goals has 
still not been formulated (D. Harris, I969). 
Data for this study came from a selection experiment 
involving seven White Leghorn lines and three Fayoumi lines 
of chickens and included over 30,000 individual pedigreed 
records. The objectives of the study were: (l) to measure 
direct and correlated responses to selection for large and 
small body weight and egg weight, (2) to determine the 
influence of skeletal size (shank length), condition and 
body weight on egg laying performance, and (3) to analyze 
the variability and expected responses from selection for 
several performance efficiency estimators including egg pro­
duction, egg mass, the ratio of egg weight to body weight 
and the ratio of egg mass to body weight. 
A preliminary report of the first objective (l) has 
already been published (Festing and Nordskog, 1967) covering 
the first six generations of the selection experiment on the 
single trait Leghorn lines. 
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REVIEW OP LITERATURE 
Some of the traits considered in this study have been 
extensively reviewed in the literature, especially for body 
weight, egg weight, egg production and the relationships 
between them. Therefore only limited reference to the 
literature will be directed to the above traits. On the 
other hand, literature on egg mass and the efficiency of 
egg production having received less attention and will be 
reviewed more comprehensively especially as they relate to 
body weight and egg production. 
Metric Traits 
Body weight 
The nature of genetic variation of body weight has been 
studied at many ages by many workers although most research 
workers relate weight and age linearly (Testing, 1964). 
Hence, the heritability of body weight at different ages 
seems to be quite constant. Heritability estimates reported 
in the literature have been summarized by Kinney (1969) 
according to age and categorized into light and heavy breed 
classes or crossbreds. The mean heritability of body weight 
for the light breeds and crosses from measurements taken at 
approximately housing time (20-24 weeks) and mature body 
weight was 0.48 and O.56, respectively. These estimates 
ranged from 0.25 to 0.75. Even though the estimates varied 
considerably from one study to another it is clear that 
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body weight is a highly heritable trait and should therefore 
respond readily to mass selection. Very probably sampling 
variance is the most likely explanation for the wide varia­
tions in reported body weight heritability estimates (jaffe, 
1966). 
Shank length 
Shank length is a useful indicator of genetic body size 
in chickens. The genetic correlations between them have, in 
general, been 0.7 to 0.8 (Abplanalp e;t aj^., 196O; Merritt 
and Gowe, 1962; Merritt, 1966). Lerner ejt (194-7) con­
cluded that selection for a large body and short shank 
would not be possible because of the high positive genetic 
correlation between body weight and shank length. 
The literature on shank length has been concerned -pri­
marily with meat-type fowl because of its bearing on rate of 
growth and body measurements such as breast width and keel 
length. The reported heritability estimates are in the same 
general ranges as those reported for body weight. Prom the 
New Hampshire breed, estimates have been 0.49, O.5I and 0.41 
(Lerner et , 1947; El-Ibiary and Shaffner, 1951; Abplanalp 
e^^., i960). An estimate of 0.45 was obtained from five 
years of data from a randombred strain of meat-type fowl 
(Merritt, I966). 
Large increases in shank length were obtained during 
the first half of an 11 generation selection experiment for 
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long shanks in a White Leghorn population (Lerner and 
Dempster, 1951)• No significant gains were made in the 
later generations even though the yearly heritability esti­
mates did not decrease. The authors concluded that two-
thirds of the decrease in rate of response could be accounted 
for by opposing natural selection. They found negative corre­
lations between shank length and hatchability and lower repro­
ductive rates of parents with genotypes for longer shanks. 
Hence, an equilibrium between artificial selection for long 
shanks and natural selection for reproductive fitness seemed 
to have been reached. 
The ratio of body weight to shank length has been pro­
posed as a measure of condition or body fleshing (Nordskog 
and Briggs, 1968) . They deduced that a bird with a high 
ratio value would be overweight for its size and likewise 
one with a low ratio value would be underweight, Heritability 
of the body weight/shank length ratio was 40 percent in a 
strain of meat-type chickens (Boyer et al., 1963). A similar 
ratio (shank length/^body weight) was earlier suggested as 
a "shape index" or measure of conformation (Jaap, 1938). 
Egg weight 
The heritability of egg weight has been reviewed by 
Shoffner and Sloan (1948), King and Henderson (1954) and 
Hicks (1958), Estimates have ranged from 0.30 to O.7O with 
a mean of O.58 (King and Henderson, 195^). From a literature 
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simmary of over 30 independent estimates by Kinney (I969) 
the heritability average for light breeds was 0.45 for early 
egg weight and 0.49 for mature egg weight. The correlation 
between body weight and egg weight depends substantially on 
strain differences (Clayton, 1968). For example the Cornell 
Control has a large body weight but lays a relatively small 
egg as shown in random sample tests. Kinney (1969) estimated 
the average genetic and phenotypic correlations of egg weight 
with body weight to be 0.30 and O.16, respectively, from a 
literature summary. 
Relationship of Metric Traits to Production 
Fisher (1930) noted that in naturally occurring popula­
tions intermediate values for metric traits such as body 
weight, shank length and egg weight are optimum for repro­
ductive fitness. If a trait is highly heritable, the char­
acter is primarily determined by genes which combine in an 
additive manner. Hence, individuals with intermediate 
phenotypes would tend to have the most herterozygous geno­
types. The term genetic homeostasis was applied to the 
tendency of a population to maintain a genetic composition 
leading to an optimum balance for reproductive fitness 
(Lerner, 1950). Thus, as soon as some improvement in the 
metric trait occurs, the pressure of natural selection will 
oppose any further changes in the same direction. The con­
cept of genetic homeostasis is based on the assumptions of 
7 
additive genetic effects for the metric traits and over-
dominance for reproductive fitness of which egg production 
is a component. Natural selection favors heterozygotes 
under these assumptions, thus the genetic variability will 
be maintained. 
Body weight and egg production 
If an intermediate optimum of body weight for repro­
ductive fitness is the rule one might expect correlations 
between body weight and egg production to be either positive 
or negative depending on whether body weight was above or 
below the optimum in the population studied. This possi­
bility has usually been ignored in correlation studies. 
Effective selection for more than one trait is a likely 
cause of negative genetic correlations (Lush, 1948). For 
example, body weight and egg production may be uncorrelated 
in a randombred population. This could be explained by an 
equal number of genes affecting these traits in the same 
and opposite directions. For the genes favorable to both 
traits, selection would change the gene frequencies toward 
one. Hence, most of the remaining genes would affect the 
traits in opposite directions leading to negative genetic 
correlations. 
Jaap e_t aj. (1962) estimated the genetic correlation 
between body weight and egg production to be 0.10 from a 
randombred meat-type strain of chickens. After the popula­
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tion had been selected for eight week body weight the corre­
lation estimates proved to be negative. Jerome et aj. (1956) 
estimated the genetic correlation between fall body weight 
and egg production to be highly negative (-0.59) in a flock 
of Nev; Hampshires-a heavy breed. They concluded that if body 
weight could be reduced it should improve egg production up 
to a point, beyond which a further reduction would cause egg 
production to decrease. Hogsett and Nordskog (1958) also 
reported that within lines very large birds tended to lay 
fewer eggs as do very small birds and therefore the inter­
mediate weight birds were the best producers. They found a 
negative- genetic correlation (-0.24) between body weight and 
egg production for light breeds and a positive correlation 
(0.74) within the heavy breeds. This is contrary to expec­
tations assuming an intermediate optimum. 
Genetic correlations between body weight and egg pro­
duction have been estimated in two control populations: the 
Regional Cornell Control White Leghorn population and the 
heavier Regional Rhode Island Red Control (Kinney e_^ al., 
1968j Kinney and Lowe, 1968). The correlation for the heavier 
control (-0.19) was more highly negative than that for the 
lighter control (-0.07). 
Prom a study based on 21 separate random sample egg 
laying tests, Nordskog (i960) found the phenotyplc corre­
lation between egg production and body weight to be essen­
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tially zero for the Leghorn-type entries but highly negative 
(-0.39) for the heavy-type entries. He concluded that the 
Leghorn-type entries were closer to an optimum body size 
relative to income over feed costs. 
Similar results were reported by Hale and Clayton 
(1965) from an analysis on the Light Sussex and Brown Leg­
horn breeds. The Brown Leghorns weighed about three-quarters 
of a pound less than the Sussex at I8 weeks. Body weight and 
egg number proved more positively correlated, genetically, for 
the lighter Brown Leghorn breed than the Sussex. Small posi­
tive genetic correlations of body weight with egg production 
have been most typically found in %ite Leghorn populations 
(Dickerson, 1957; Clayton and Robertson, 1966). Genetic corre­
lations reported by Jaffe (1966) ranged from -0.28 to O.16 
in four strains of White Leghorns. In contrast, a negative 
correlation (-O.I7) was reported in the heavier New Hampshires 
by Dillard e_t (1953). Gyles et al. (1953) also suggested 
a genetic antagonism between adult fleshing and egg produc­
tion. 
The genetic correlation between body weight and egg 
production seem to be generally positive for light breeds 
but negative for heavier breeds although this has not con­
sistently been reported (Krueger et aj., 1952; Wyatt, 1954; 
Merritt and Gowe, 1962). 
Jaap et al. (1962) suggested that differences in the 
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body weight-egg production genetic correlations were due to 
the large sampling errors of these estimates. This is in 
contrast to the hypothesis that differences in the genetic 
correlations are due to inherent body weight differences. 
Alternatively, Hicks (1958) showed that in a subnormal year 
(respiratory disease effects) the genetic correlation between 
body weight and egg production was positive (0.33) but in a 
more normal year the correlation was negative (-0.11). 
Egg weight and egg production 
In some populations the realized genetic correlations 
between egg weight and egg production may be large and 
negative according to Bohren (1970). Craig e_t aJ. (19^9) 
found that both body weight and egg weight declined in an 
experiment where selection was based solely on egg production. 
Selections were based on part-record rate of egg production 
in nine strains by two different selection programs: intra-
population selection using an index on the individual, dam 
and sire records and a reciprocal recurrent selection program. 
The decline in body weight was greater in those strains show­
ing the largest response to selection. 
A very strong negative correlation between egg number 
and egg size was reported (Clayton, 1968) from l4 years of 
data collectsd by Dr. R. S. Gowe^ on a selection experiment 
^Canada Department of Agriculture, Animal Research 
Institute, Ottawa, Canada. 
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for high egg production. Egg size was selected for in addi­
tion to egg numbers in the last three generations and in­
creases were made in egg size but the gains in egg number 
ceased. Even though gains may not be realized in selection 
for egg production cryptic gains may be made in that egg 
weight may increase (Saadeh et aj., 1968). 
According to Abplanalp (1957) egg weight may decline 
one-half standard deviation unit for each standard deviation 
unit increase in egg numbers for the first I8 weeks of lay. 
This was based on population parameter estimates from a 
strain of White Leghorns maintained as a closed flock with 
selection emphasis on extremely large families. However, 
Waring e;fc al. (1962) concluded that the correlation between 
egg number and egg weight is not strong but is negative in 
sign. Since selections had been carried out for only four 
generations, the authors suggested that no strong negative 
genetic correlations had an opportunity to develop. 
The correlation between egg weight and egg production 
may be curvilinear (Lerner, 1951). Bohren e^ a^. (1966) 
concluded that genetic correlations between egg weight and 
egg production may change in magnitude and sign as selection 
for egg weight is practiced. Blyth and Sang (196O) observed 
that birds with the highest production were near the mean 
for egg size. These results were observed from line crosses 
(p^ys) in a Brown Leghorn flock. 
Several cases of zero correlations of egg production wlbh 
egg weight have been reported. For example, phenotypic corre­
lations between these traits were not significantly different 
from zero in a study of 21 random sample egg laying tests 
(Nordskog, 196O) and in 3 strains of unselected White Leghorns 
studied by Jaffe (1966) the genetic correlations were essen­
tially zero. 
Production Traits 
Egg production 
Selection for improved egg production in chickens may 
not always produce consistent results (Nordskog et al., 
1967; Craig ^  aJ., I969). Yamada ejt a^. (1958) showed from 
a regression analysis that selection on part-record rate of 
egg production increased production but most of the gains 
occurred during the first five years. The population then 
seemed to plateau for this trait. Realized gains were 
significantly lower than the gain predicted on the basis of 
heritabilities estimated from combined sire and dam components. 
Some attention was paid to egg size during the course of 
selection which may have offset some of the expected response 
in production. Gowe and Strain (I963) found part-year egg 
production selection to be partially effective in two strains 
of White Leghorns. No gains were made in one strain over 
the last four of 11 generations studied. Essentially the 
same results were observed by Morris (I963) and Abplanalp 
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^ aJ, (1964). Morris (1963) noted that the expected selec­
tion differential had usually been realized and that natural 
selection seemed not to have operated counter to the direc­
tion of artificial selection. Bohren (1970) suggested that 
the plateaued population of Gowe and Strain (1963) and 
Morris (I963) resulted from some selection pressure on egg 
weight. In contrast to these positive results, a reciprocal 
recurrent selection experiment involving Light Sussex and 
Brown Leghorn flocks showed little response to selection for 
egg production to 450 days (Hale and Clayton, 1965). 
Kinney (1969) reported average heritabilities for short, 
intermediate and long-term hen-day egg production records of 
0.22, 0.19 and 0.22, respectively, estimated from a literature 
summary. Egg weight and production traits may show consider­
able heterogeneity of variance between years (Clayton and 
Robertson, 1966). Hale and Clayton (1965) encountered a 
similar problem in egg production data covering a six year 
period. 
Friars e^ a^. (1962) suggested that selection may not 
affect heritability for as many as 10 generations of a 
selection experiment. Because selection was based on five 
different traits in a dominant white broiler strain, selec­
tion pressure on a single trait would not be great. Morris 
(1963) found evidence to suggest a decline in the herita­
bility of egg production because of selection in the popula­
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tion for egg production. In contrast, Yamada e_t (1958) 
found that the genetic variance of egg production decreased 
rapidly during the early years of selection (five years) 
for production but remained at a consistently low level 
during the last five years. 
Egg mass 
Selection for high egg production alone would be of 
little practical value because of the correlated response 
of a declining egg weight (Bohren, 1970). Hence, egg mass 
is of interest as a criteria of selection. Egg mass may be 
defined as either the product of egg numbers and average 
egg weight or percent production and average egg weight. An 
analysis of data on egg mass (egg numbers x average egg 
weight) by Waring e_t aJ. (1962) revealed that the heritability 
of egg mass was about the same as that of egg numbers (0.27). 
The authors concluded that egg mass and egg numbers are dif­
ferent measures of the same characteristic. Hicks (1963) 
also found that the heritability of egg mass was about the 
same as that for egg numbers. Variance in egg number was far 
more important than egg weight in determining variance in 
egg mass. A low genetic correlation between egg mass and 
average adult body weight was also reported by Hicks (1963). 
Based on the genetic parameters of Waring e_t aj. (1962), 
Bohren (1970) concluded that positive gains could be made 
in both egg number and egg weight by selection on egg mass. 
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However, only about half as much gain was predicted for egg 
weight compared to egg number in terms of standard deviation 
units. If a breeder selects for egg mass he would not be 
able to regulate the gains made in egg numbers and egg 
weight. Using a logarithmic transformation, 
M* = Wnlog (egg production) + wglog (egg weight) 
where wj and wg are weights, a breeder could bring about 
the desired changes in the components of egg mass by assigning 
arbitrary weights to wj and wg (Bohren, 1970)• 
Efficiency of production 
Attempts have been made to find the most effective 
selection criterion to improve feed efficiency for egg pro­
duction. Feed efficiency for egg laying chickens is commonly 
measured as (l) pounds of feed to produce a dozen eggs and 
(2) pounds of feed per pound of egg. Morgan and Carlson 
(1968) stated that the most useful measure for those inter­
ested in selection for efficiency must consider percent 
production, egg size, body weight and feed consumption. 
Nordskog _et a^. (1969) compared a direct and indirect 
method of estimating feed efficiency. The study was based 
on two experiments: one used commercial egg-type pullets 
and a broiler strain and a second used three lines of White 
Leghorns with body weights varying from 1.26 to 1.92 kilo­
grams. The direct measure of feed efficiency is a function 
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of egg mass, body weight and feed consumption whereas the 
indirect measure is a function only of egg mass and body 
weight. Partial regression coefficients of feed consumed 
on egg mass and body weight estimated from a previous study 
(French, I969) were utilized in both the direct and indirect 
estimates. The indirect measure was essentially equivalent 
to the direct measure for the purpose of experimental treat­
ment comparisons such as strains or rations. The indirect 
measure was statistically more efficient than the direct 
measure as indicated by the ratio of error variances. 
The ratio averaged 0.35 indicating that the direct method 
was only 35 percent as efficient statistically as the Indirect 
measure. 
Harris (1969) used the egg mass/feed consumption ratio 
as the selection criteria over two generations of selection 
in a flock derived from the Cornell Randombred White Leghorn 
Control strain. Significant improvement was observed in the 
second generation. Based on full-sib correlations the 
heritability of this ratio was 0.57 and 0.15 in the first 
and second generation, respectively. The increase in the egg 
mass/feed consumption ratio was due primarily to a decline 
in body weight; no decline in egg number of egg size occurred. 
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MATERIALS AND METHODS 
The Data 
The data for this study came from a selection experiment 
involving seven White Leghorn lines and three Payoumi lines 
of chickens. Five Leghorn lines and the three Payoumi lines 
were selected for single traits. Two Leghorn lines were 
selected for two traits. The base population of the White 
Leghorn lines consisted of four-way crosses obtained from 12 
diallel single crosses of four commercial lines. The Payoumi 
lines originated from a flock maintained at the Iowa State 
University Poultry Parm by panmictic mating of approximately 
8 males and 100 female breeders eachyear. 
The selection criteria and the number of female and male 
breeders used in each line is given in Table 1. The 1957 
year was the first generation results from selection were 
observed; the 1956.population is designated as generation 0. 
Leghorn Line A and Payoumi Line J were selected for 
high rate of egg production to 32 weeks of age using a selec­
tion index based on a combination of the individual's record 
with its full-sib and half-sib family averages (Osborne, 
1957a, 1957b). The individual's phenotype was the selection 
basis for the body weight and egg weight single trait selec­
tion lines. For the sex-limited traits, egg production and 
egg weight, males were selected from those families having 
the largest number of selected pullets. After three genera-
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Table 1. Origin of lines, selection criteria, and number 
of breeders 
Year of 
Generations 
in the Selection 
criteria^ 
Number of 
breeders 
Line origin^ analysis cT'S e's/f 
Leghorn 
A 1956 12 (H-EP) 16 10-14 
B 1956 12 (H-B¥) 8 8-10 
C 1956 12 (L-BW) 8 8-10 
D 1956 12 (H-EW) 8 8-10 
E 1956 12 (L-EW) 8 8-10 
P i960 8 /H-BW] 
\L-mJ 
8 7-10 
G i960 8 /L-BW\ 
IH-EW/ 
8 7-10 
Fayoumi 
J 1956 8 (H-EP) 16 7-10 
K 1956 11 (H-BW) 8 7-10 
L 1956 11 (H-EW) 8 7-10 
Control 
RCC 1958 10 Control 50 250 
^Year 1956 is designated the zero^h generation. 
^L-Low, H-High, BW-Body weight, EW-Egg weight, EP-Egg 
production. 
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tions of single trait selection two new lines, each selected 
for two traits, were formed from an cross. Leghorn Line 
P was formed by a cross of the large body Line B with the 
small egg Line E. Leghorn Line G was formed by a cross of 
the small body Line C and the large egg Line D. The two-
trait lines were selected on the index; 
I = lOBW - EW 
where BW is 32 week body weight in pounds and EW is 32 week 
egg weight in grams. Thus for Line P, selected for large body 
and small egg , a high index would be favored and for Line G, 
selected for small body and large egg size, a low or negative 
index would be favored. The index places approximately equal 
emphasis on each trait. 
Random environmental changes between years were measured 
by the Regional Cornell Control (Line RCC) starting with the 
1958 year. Prior to this time Line A was used as the control. 
Details concerning the RCC control line are given by King e_t 
al. (1959), King (I96I) and King ejfc (1963). Essentially, 
the RCC control line was maintained each year by 50 males 
and 250 females. The mating procedure was restricted such 
that no full or half-sib matings were allowed. Ideally each 
sire's contribution to the next generation would be limited 
to one son and each dam one daughter. 
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Management of Stock 
Chicks were produced each year in two or three hatches 
spaced two weeks apart. All chicks were pedigree hatched 
and individually wing handed. The Leghorn chicks were reared 
intermingled to eight weeks of age and the Payoumi chicks to 
six or seven weeks. They were then put on a summer range. 
At approximately 20 weeks body weights and shank lengths 
were taken and the birds were housed in pens of 200 to 400 
birds. After the third generation the birds were reared and 
housed separately according to body size. Hatches were 
handled separately. A sample of control birds were placed 
in each pen. The pullets were trapnested two consecutive 
days per week for 12 weeks after which body weights and egg 
weights were measured. Selections were based on these records 
at 32 weeks of age. 
Natural matings in floor pens were generally used except 
in later generations when some lines were artificially insem­
inated to improve fertility. The generation interval was 
one year with no overlapping generations. Standard growing 
and laying rations were fed. 
Traits Studied 
The traits, measurements and the units of measurement 
for each trait are given in Table 2. 
The egg weight for each bird was estimated from eggs 
collected in four consecutive trapnest days at 32 weeks. 
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Table 2. Traits and measurements on individual birds 
Trait 
Age of birds 
when measured 
(weeks) Units 
Housing body weight (HBW) 20-22 lb 
Shank length (SL) 20-22 cm 
32 week body weight (BW) 32 lb 
32 week egg weight (EW) 32 gm 
Part-record egg production (Pi) 21-32 
Pull-record egg production (Pj) 21-66 
Condition index (Cond) = 
SL 
20-22 cm/lb 
Egg mass (EM) = (P^)(EW) 21-32 gm/day 
Ratio of egg to body weight EW 
BW 
32 gm/lb 
Efficiency index (Eff) = 
BW 
21-32 gm/bay/lb 
From the two days per week trapnestlng, hen-day egg pro­
duction rates were calculated, i.e., the number of eggs 
laid divided by the total trapnest days. The number of 
trapnest days were counted from the day the first egg was 
laid. 
The condition index, assumed to estimate the amount of 
body fat or fleshing, was estimated from the ratio of housing 
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body weight to shank length. Nordskog and Briggs (I968) 
hypothesized that this ratio should largely reflect differ­
ences in management and feeding practices and hence, dif­
ferences in condition. Body weight is a function of both 
size and condition. Therefore, shank length may be a better 
measure of size than body weight. Nordskog and Briggs (1968) 
reasoned that shank length should be a genetic measure of 
size while the ratio of body weight to shank length should 
reflect body fleshing or condition which would be more highly 
determined by environmental effects. 
The ratio of egg weight to body weight measures grams 
of egg per pound of body weight and when multiplied by rate 
of egg production defines the efficiency index 
(Pi) (EW) 
BW 
Efficiency measures egg mass produced per day per pound of 
body weight. The efficiency index as well as its components, 
egg production, egg weight and body weight are of special 
significance because of their important bearing on profit­
ability of laying hens. 
Population Sizes 
The number of records available for each trait and line 
is presented in Table 3. Not all birds had complete records 
because of mortality, data errors or missing observations. 
Table 3. Number of records available for each trait studied 
Leghorn lines 
Trait A B 
Housing body wt 8020 (12)* 2107 (12) 2627 (12) 
Shank length 6907 (10) 1909 (10) 2408 (10) 
32 week body wt 7494 (12) 1994 (12) 2445 (12) 
32 week egg wt 6708 (12) 1456 (12) 1986 (12) 
Part-record egg prod (Pj) 7456 (12) 1693 (12) 2297 (12) 
Full-record egg prod (?%) 7543 (12) 1891 (12) 2314 (12) 
Condition index 6905 (10) 1909 (10) 2400 (10) 
Egg mass 6588 (12) 1406 (12) 1923 (12) 
Ratio of egg to body wt 6654 (12) 1439 (12) 1963 (12) 
Efficiency index 6610 (12) 1427 (12) 1934 (12) 
^The number in parenthesis is the number of generations 
included in the data. 
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Leghorn lines 
Fayoïomi 
Unes 
D E P G J 
2718 (12) 2671 (12) 2172 (8) 2237 (8) 4372 (8) 
2469 (10) 2481 (10) 2167 (8) 2229 (8) 3872 (6) 
2533 (12) 2509 (12) 2106 (8) 2143 (8) 4216 (8) 
4127 (12) 2138 (12) 1845 (8) 1961 (8) 3845 (8) 
2431 (12) 
OJ 00 m
 
O J (12) 1977 ( 8 )  2115 (8) 4109 (8) 
2462 (12) 2448 (12) 2051 (8) 2149 (8) 4204 (8) 
2469 (10) 2479 (10) 2165 (8) 2229 (8) 3871 (6) 
2061 (12) 2099 (12) 1821 (8) 1939 (8) 3706 (8) 
2116 (12) 2121 (12) 1844 (8) 1957 (8) 3813 (8) 
2075 (12) 2106 (12) 1847 (8) 1949 (8) 3782 (8) 
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Table 3. (Continued) 
Total number 
including 
Paymoumi lines Leghorn and 
Trait K L Fayoumi lines 
Housing body wt 1650 (11) 2612 (11) 31186 
Shank length 1465 (9) 2396 (9) 28303 
32 week body wt 1426 (11) 2501 (11) 29367 
32 week egg wt 1109 (11) 2134 (11) 27309 
Part-record egg prod (Pj) 1306 (11) 2315 (11) 28081 
Pull-record egg prod (Ft) 1426 (11) 2427 (11) 28915 
Condition index 1465 (9) 2396 (9) 28288 
Egg mass 1030 (11) 2045 (11) 24638 
Ratio of egg to body wt 1100 (11) 2120 (11) 25127 
Efficiency index 1090 (11) 1899 (11) 24719 
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Thus, the number of records per line varied from trait to 
l".i'a;it. All record;; available were included Jn the study In 
order to avoid a possible bias from selection. Prom 24,000 
to 31,000 records were available for the analysis of each 
of the ten traits. About one-third of these were from the 
two lines selected for high egg production; Leghorn A and 
Payoumi J. Six to 12 generations of data were available for 
each trait from each line. Shank length, hence the condition 
index scores, were not available in the first two generations. 
Selection was suspended in the Payoumi J line after the eighth 
generation, after which no pedigree records were available. 
The data were transformed to tlie logarithmic scale before 
statistical analysis. The nested model fitted to each line 
for each trait was 
Statistical Procedures 
%ljkl -
where 
X ijkl = the transformed observation of the 1^" hen from the dam and the sire in the i^h year, 
the overall mean 
Yj_ = the i''^ generation or year effect, 
S^j = the j sire within the i^^ year effect, 
D. = the k^^ dam within the sire within the i^^ 
year effect. 
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H. = the 1^^ hen within the dam within the j 
ijkl sire within the i^^^ year effect (between full-
sibs) 
Y - - ,  D .  a n d  H -  . ^ - |  a r e  a s s u m e d  t o  b e  u n c o r r e l a t e d  r a n d o m  1 j-J % J K IjKX 
2 2 2 P 
variables with variances a . a . rr and respectively. 
y s' d h 
The sire, dam within sire and hen within dam effects were 
pooled over years. The transformation reduced the effects 
of correlation between means and variances on the error. In 
particular, the within year variances were earlier found to 
be proportional to the yearly means. The form of the analysi 
of variance for each trait was 
Source 
Years + =4 'g + "s + Cg ''y 
Sires/years + Co cr^ 
Dams/sires n-^ + 0^ ^ 2 
Hens/dams rr^ 
Appropriate tests of significance were based on Satterthwaite 
approximate P test (Ostle, 1963) necessitated because of the 
unequal sub-class numbers. 
Estimates of the variance components were expressed as 
a percent of the total variance to show the importance of 
each source of variation. Hatch effects were ignored through 
out. Wyatt (1953) found that hatch effects accounted for 
about one percent of the total variation in his populations, 
with a longer hatching season than in the present data 
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(Pesting, 1964). 
Heritabllities were calculated in the usual manner; 
h2 . 4S 
h 
S + D + H 
2 ^ 4D 
d S + D + H 
^2 = 2 (S + D) 
s+d S + D + H 
where S, D and H are the sire, dam and hen variance compo­
nents of the logarithmically transformed data. The variance 
components may be inflated by various nonadditive, sex 
linkage and maternal effects (Kempthorne, 1957). 
2 The sire component of variance (n^) is equal to 
1/4 ,2 + 1/16 tr|^  + 1/64 + ... + 
2 
whereas the dam component of variance is equal to 
1/4 + 3/16 + 7/64 + 1/4 + 1/8 + i/ig + 
2 2 
where represents additive genetic variance, q-Q represents 
2 dominance genetic variance, rr represents variance due to IJ 
2 
sex linkage and rr^ represents maternal effects (Kempthorne, 
1957). The difference between the dam and sire estimates 
of heritability is; 
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'^ AD '^ DD V2 AA + 3/8 "AAA + '"' ^  *m ' ^L 
where is the phenotypic variance. 
2 2 The estimates h^ and h, are sire and dam variance 
component estimates of heritability, respectively, and 
is the full-sib heritability estimate. Sampling errors of 
the heritability estimates (S^J were computed. These are 
for h. Sh ^ 
ss 
S + D -J- H 
where 
for h2. 
(MS)s 
+ 
(MS)g 
S + D + H 
where 
dd 
(MS)^ 
Nw 
(MS)g 
N, h 
for h 
s+d' Sh = 
^ss + "dd + 2 "ds 
S + D + H 
where 
"ds 
_ _ ^ds 
K. 
ss L 
V 
2 (.g)" 
Nv,K h^dd J 
where (MS)g, (MS)^ and (MS)^ are the mean squares for sires, 
dams and hens, respectively, with degrees of freedom Ng, 
and and are the coefficients of the dam compo­
nent in the dam and sire mean squares, respectively. Like­
wise, Kgg is the coefficient of the sire component in the 
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sire mean square (Dickerson, 1969). Genetic correlations 
were computed from a hierarchial analysis of covariance 
using the same model as in the analysis of variance. Indi­
vidual observations were transformed to the log scale before 
the covariance analyses were performed. The three estimates 
of genetic correlations are 
Gg+d (8% + D^) (Sy + Dy) 
The phenotypic correlations between traits were calculated 
as product moment correlations. 
Estimates of linear and quadratic effects of shank 
length, the condition index and housing body weight on the 
traits egg production, egg mass and the efficiency index 
were obtained from the model 
Xijk = W + Yi + Lj + (Tijk - T) + Bg (Tjjk ~ ®ijk 
where 
X. ,, = the observation of the k^^ individual in the 
^ jth line and the i^h year, 
u = the overall mean, 
Yj_ = the effect due to the i^^ generation or year. 
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Lj- = the effect due to the line, 
T. = the continuous independent variable of the 
individual in the line and the i^^ year, 
8^ = the linear regression coefficient, 
@2 = the quadratic regression coefficient, 
^i1k ~ the residual effect of the ijk^h individual 
^ assuming a normal and independent distribution 
of the e^j^/s with mean zero and variance 
The selection differential for body weight, egg weight 
and egg production were calculated as 
Xs - X^ ] 
where Xg is the mean of the selected group, Xp is the mean of 
the population and is the population standard deviation. 
For the sex-limited traits, egg weight and egg production, 
sib records were used to estimate the selection differentials 
in males. In particular, the estimated selection differential 
for a sire was the weighted deviation of his sister's mean 
egg weight from the line mean. The weighting factor was the 
regression of the sire's genotype on the mean of his sister's 
phenotype. The regression coefficient is 
^ , C°v (Sg . _) 
V (^ ) 
where is the sire's genotype and is the phenotypic 
observation of the i^^ sister of the sire. Let = 
32 
where is the genotype and ej_ the environmental 
effect. Then 
^Pi 
G-1 + e., +• Go + So • • • + G + e 
GOV {S„ , J I ! : - !L) 
° n 
= Gov ( ^ ^) + Gov ( ) + ... + Gov ( ^ ^ ) + Gov ( ^  ") 
n n n n 
Assuming that Gov ( for all i has expectation zero (the 
S G • 
Sp.'s are uncorrelated with the e^'s) and that Gov ( S i) = 
o n 
S G 
Gov ( ^  ) where i r 3 then 
Gov (Sg , = Gov (full-sibs) 
- i 
2 
where a is the additive genetic variance. V( ) is defined 
A n 
as 
,Pl + P, + ... + Pn, n n(n-l) Gov (PiP,-) 
V(-l 2 + 5 
n n 
where i / j. Multiplying and dividing the second part of 
o 
the equation by gives 
v(^) = 1 + (^) (.|) 
n XI n rr (J r" 
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Gov (Pj_Pj) 
where ^ is an intra-class correlation between 
full-sibs. This can be written 
Gov (Pj_Pj) % 
t = — ~2 2 
P 2 
where is the between group component and ^ is the within 
D W 
group component (Falconer, I960). Hence, 
V (El) = ZÊ + (^) (t) (0-2) = ""p [1 + (n-1) 
n n n P n 
Therefore, 
n b = 2 ^ = (h^) ( ^
[1 + (n-1) t] 1 + (n-1) t' 
n 
2 2 2 
p ?A + ^ ri 
where h = = heritability and t = 
"î 4 ^"1 + 'h 
The regression of the control deviated response on 
generation number is the estimate of the gentic gain per 
generation from selection. Realized heritabilities were 
calculated as the regression of response, expressed as a 
deviation from the control, on the "nonstandardized" or 
cumulative selection differential. Realized genetic corre­
lations were estimated from 
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(FalconerJ 196O) where x is the selected trait and y the 
correlated trait. Realized heritabilities were used in the 
formula wherever possible. 
Expected direct responses, E(DR), and expected correlated 
responses, E(CR), from mass selection estimated from Falconer 
(i960) were 
E(DR^ )^  = \ and, 
''Py 
where 
i = standardized selection differential, 
= heritabllity of the selected trait x, 
= phenotypic standard deviation of trait x, 
r = genetic correlation between traits x and y 
estimated from full-sib correlation. 
For a sex-limited trait such as egg weight, males were 
selected on their full-sisters' record. The expected 
direct response is 
E(DRs)x = IhS S-
X yn [1 + ( n—1 ) t ] 
where 
n = the number of individuals in the full-sib family, 
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r = correlation of breeding values between members 
of families, also called the "coefficient of 
relationship" (within full-sib families, r = 
1/%), 
t = intra-class correlation between phenotypes of 
full-sibs. 
An index based on optimal weighting of the individual's 
record, its dam family average and sire family average should 
increase the response due to selection compared to mass 
selection. The efficiency of the index compared to mass 
selection has been discussed by Osborne (1957b). The 
efficiency of selection using both dam family (full-sib) and 
sire family (half-sib) averages compared to dam family selec­
tion for the males has been given by Osborne (1957a-). The 
expected selection response using Osborne's index is 
E(DR ) = ^(^^m)x ' ^1 ^(^^s^x * ^2 
where the trait x is a sex-limited trait measurable only in 
females and k]_ and ko are the amounts that Osborne's selec­
tion index is expected to increase the response over mass 
selection and sib selection, respectively. The expected 
correlated responses were adjusted to Osborne's index selec­
tion in a similar manner. 
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RESULTS 
Shank Length, Condition Index and Housing Body Weight 
and Their Effect on Performance 
Analysis of variance 
A summary of shank length means, standard deviations and 
percent variance components by lines pooled over years is 
presented in Table 4. The percent variance components include 
years, sires within years, dams within sires and within full-
sibs. 
Years, sires and dams contributed a significant amount 
of the variation in shank length for all lines. Sires and 
dams each contributed 5 to 15 percent of the total variance 
for shank length. In general, the variation between full-
sibs (hens within dams) contributed 50 to 70 percent of the 
total. 
The means, standard deviations and percent variance 
components for the condition index presented in Table 5 are 
similar to those for shank length in that most of the 
variation was due to years and between full-sibs. In gen­
eral, both sires and dams contributed less than 10 percent 
of the total variation. The heavier bodied lines (B, D, P, 
K and L) had the highest condition index means whereas the 
smaller lines (C and E) tended to have the lower means. 
The means, standard deviations and the percent variance 
components for housing body weight for each line are presented 
Table 4. Means, standard deviations (a) and percent variance components for the 
shank length analyses of variance 
Selection Mean shank Average % variance components 
Line criteria length (cm) n Years Sires Dams Pull-sibs 
A H-EP 7.77 0.43 9** 10** 13** 68 
B H-BW 8.78 0.40 37** 2** 8** 53 
C Lf—BW 7.07 0.35 44** 4** 8** 44 
D H-EW 8.37 0.46 31** 9** 9** 51 
E L-EW 7.37 0.40 38** 8** 6** 48 
P H-BW 
L-EW 
8.24 0.40 26** 7** 12** 55 
G L-BW 
H-EW 
7.43 0.34 58** 4** 5** 33 
J H-EP 7.31 0.40 Y** 8** 15** 70 
K H-BW 8.28 0.47 14** 6** 8** 72 
L H-EW 7.44 0.38 9** 13** Y** 71 
Mean 7.81 " 0 . 4 0  27 7 9 57 
**P < .01. 
Table 5. Means, standard deviations (a) and percent variance components for the 
condition Index analyses of variance 
Selection Mean condition Average # variance components 
Line criteria index (lb/cm) û Years Sires Dams Full-sibs 
A H-EP 0.39 0.04 33** 6** 12** 49 
B H-BW 0.52 0.06 66** 2** 5** 27 
C L-BW 0.34 0.04 37** 3** 5** 55 
D H-EW 0.43 0.05 49** 5** 7** 39 
E L-EW 0.37 0.04 37** 4** 10** 49 
P H-BW 
L-EW 
0.47 0.05 63** 4** 3** 30 
G L-BW 
H-EW 
0.38 0.04 36** 6** 5** 53 
J H-EP 0.35 0.04 18** y** 9** 66 
K H-BW 0.43 0.04 64** 1** 4* 31 
L H-EW 0.38 0.04 37** 4** 8** 51 
•'ean 0.40 0.04 44 4 7 45 
* 
** 
P < .05. 
" .01. 
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in Table 6. Years and between full-slbs accounted for most 
of the variation in housing body weight. Years, sires and 
dams all contributed a significant amount of variation to 
the total for each line. 
Generation means and additional details of the analyses 
of variance, including degrees of freedom, mean squares and 
variance components are given in Appendix Tables 53-55 and 
64-66, respectively, for shank length, the condition index 
and housing body weight. 
Heritabilities 
The full-sib heritability estimates and their standard 
errors for shank length, the condition index and housing body 
"weight are presented in Table 7. The heritabilities for 
shank length were reasonably consistent between lines with 
the mean heritability being 0.44. The heritability estimates 
for the condition index and housing body weight were also 
consistent between lines with means of 0.39 and 0.49, 
respectively. 
An alternative estimate of condition is body weight/ 
shank length. The reciprocal of this ratio has been sug­
gested as a measure of conformation or body shape (jaap, 
1938). The line mean and full-sib heritability estimates 
of this measure are presented in Table 8. Even though body 
weight and shank length varied considerably between lines, 
means of^ body weight/shank length ratio were nearly equal 
Table 6. Means, standard deviations (a) and percent variance components for the 
housing body weight analyses of variance 
Line 
Selection 
criteria 
Mean body 
weight (lb) "TT 
Average % variance c 
Years Sires Dams 
omponents 
Pull-sibs 
A H-EP 3.10 0.42 25** 9** 15** 51 
B H-BW 4.52 0.54 66** 2** 5** 27 
C L-BW 2.43 0.33 39** 3** 9** 49 
D H-EW 3.62 0.50 46** Y** 8** 39 
E L-EW 2.78 0.37 24** Y** 16** 53 
F H-BW 3.90 0.48 60** 4** 6** 30 
L—EW 
G L-BW 2.85 0.34 21**1 11** 10** 58 
H-EW 
J H-EP 2.56 0.31 12** 8** 12** 68 
K H-BW 3.51 0.36 68** 3** 3** 26 
L H-EW 2.84 0.34 31** 6** 10** 53 
Mean 3.21 0.39 39 6 9 46 
**P < .01. 
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Table 7. Pull-sib heritability estimates for shank length, 
the condition index and housing body weight 
Housing 
Line Shank length Condition index body weight 
A 0.50 + 
o
 
d
 0 .54 + 0.04 0.64 + 0.04 
B 0.31 + 0.05 0.42 + 0.06 0.38 + 0.05 
C 0.44 + 0.06 0.26 + 0.04 0.42 0.05 
D 0.51 -f 0.07 0.48 0.05 0.57 + 0.06 
E 0.45 + 0.06 0.45 + 0.05 0.60 + 0.06 
F 0.52 + 0.07 0.38 + 0.06 0.52 + 0.07 
G 0.42 + 0.06 0.33 + 0.06 0.53 + 0.08 
J 0.49 + 0.05 0.38 + 0.04 0.45 + 0.04 
K 0.31 + 0.07 0.28 + 0.06 0.34 + 0.06 
L 0.43 + 0.07 0.37 + 0.05 0.48 + 0.06 
Mean 0.44 + 0.02 0.39 0.03 0.49 + 0.03 
for all lines. In accordance with Jaap (1938), all lines 
would be assumed to have the same conformation or shape. 
The heritability estimates of this ratio averaged 8 
percent compared to 39 percent for the body weight/shank 
length ratio. 
The heritability estimates from the sire and dam compo­
nents of variance for shank length, the condition index. 
Table 8. Means and full-slb herltabillty estimates of the 
body weight/shank length ratio 
Line Selection criteria Mean Herltabillty 
A H-EP 
B H-BW 
C L-BW 
D H-EW 
E L-EW 
F H-BW 
L-EW 
G L-BW 
H-EW 
J H-EP 
K H-BW 
L H-EW 
Mean 
0.18 0.06 ± 0.02 
0.18 0.41 t 0.05 
0.19 0.14 ± 0.04 
0.18 0.06 ± 0.03 
0.19 -0.12 ± 0.03 
0.19 0.22 t 0.05 
0.19 0.06 ± 0.04 
0.18 0.18 t  0.03 
0.18 -0.22 ± 0.05 
0.19 0.03 t0.p3 
0.18 0.08 ± 0.06 
housing body weight andbody weight/shank length are 
given in the Appendix Table 75- These herltabillty esti­
mates were less consistent between lines than the full-sib 
estimates. 
Genetic and phenotypic correlations 
The genetic and phenotypic correlations of housing body 
weight, shank length and the condition index with part-
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Table 9. Genetic correlations®" of housing body weight (HBW), 
shank length (SL) and the condition index (Cond) 
with part-record rate of egg production (P]_) and 
housing body weight with shank length 
Line HBW & P^ SL & Pi Cond & Pj HBW & SL 
A 0.12 0.15 0.11 0.77 
B 0.10 -0.28 0.22 0.44 
C 0.76 0.27 0.86 0.78 
D -0.33 0.04 -0.42 0.67 
E 0.59 0.62 0.51 0.78 
P -0.11 -0.38 0.06 0.71 
G 0.17 -0.03 0.25 0.91 
J 0.26 0.22 0.19 0.60 
K -0.49 0.00 -0.66 0.78 
L 0.15 0.16 0.11 0.72 
^Based on full-sibs. 
record rate of egg production (P^) are presented in Tables 9 
and 10. The genetic correlations are full-sib estimates. 
The genetic correlations of with housing body weight 
ranged from -0.49 for the high body Fayoumi Line K  to 0 . j 6  
for the low body Leghorn Line C. In general, the large 
body lines (B, D, E, K and L) tended to have a negative or 
small positive genetic correlation. The small body lines 
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Table 10. Phenotypic 
Table 9 
correlations of the same traits as in 
Line HBW & P^ SL & Cond & P^ HBW & SL 
A 0.06 0.05 0.05 0.46 
B -0.07 -0.04 -0.06 0.42 
C 0.18 0.08 0.16 0.36 
D -0.10 -0.06 -0.08 0.49 
E 0.11 0.11 0.08 0.46 
F -0.06 -0.02 -0.06 0.42 
G 0.04 0.00 0.04 0.42 
J 0.02 0.02 0.01 0.40 
K -0.08 0.04 -0.06 0.4l 
L 0.03 0.03 0.02 0.43 
(C and E) had a larger positive genetic correlation of body 
weight with The same was true with the genetic correla­
tions of Pj with shank length and the-condition index. The 
genetic correlations of body weight and shank length were 
quite high ranging from 0.44 for Line B to 0.9I for Line G. 
The phenotypic correlations (Table 10) were lower and 
closer to zero than the genetic correlations. Those for 
the large body lines tended to be negative while those for 
the smaller lines tended to be positive for Pj with, 
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Table 11. Gcncùlc correlational of liouo Inf": body wcl(^iil (JIDW), 
shank length (SL) and the condition index (Cond) 
with full-record rate of egg production (P-p) 
Line HBVJ & Py SL & Piji Cond & pip 
A 0.20 0.12 0.21 
B 0.13 -0.23 0.24 
C 0.51 0.05 0.69 
D -0.21 -0.06 -0.23 
E 0.40 0.20b 0.43b 
P 0.09 -0.17 0.22 
G 0.40 0.27 0.44 
J 0.07 -0.04 0.11 
K -0.04 0.06 -0.09 
L 0.04 0.16 -0.03 
^Based on full-sibs. 
^Estimated from the dam component of variance. 
respectively, housing body weight, shank length and the 
condition index. In general, all phenotypic correlations 
were between -0.1 and +0.1. The phenotypic correlations 
of body weight and shank length were high and consistent 
ranging from 0.36 to 0.49. 
The full-sib genetic correlations for full-record rate 
of egg production (Pip) with housing body weight, shank 
length and the condition index, presented in Table 11, were 
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Table 12. Phenotypic correlations of same traits as in 
Table 11 
Line HBW & P? SL & Pip Cond & Pip 
A 0.12 0 .04 0 .12 
B -0.02 -0 .08 0 .02 
C 0.23 0 
00 o
 0 .21 
D 0.00 -0, 
on o
 0, .01 
E 0.17 0, .09 0, .15 
F 0.00 -0. 05 0. .02 
G 0.11 0. .06 0, ,10 
J 0.05 -0. ,01 0, ,06 
K -0.07 -0. 03 -0. 06 
L 0.02 0. ,02 0. 01 
similar to the correlations (Table 9). The genetic corre­
lations associated with large bodied lines tended to be nega­
tive and those with the small bodied lines, positive. The 
correlations for housing body weight and the condition index 
with Pip varied more than that for shank length with Pip. 
The phenotypic correlations of housing body weight, 
shank length and the condition index with Pgi varied around 
zero (Table 12). Those for the large body lines tended to 
be negative or slightly positive. The small body lines 
displayed the largest positive phenotypic correlations. 
47 
Table 13. Genetic correlations^ of housing body weight (HBW), 
shank length (SL) and the condition index (Cond) 
with egg mass (EM) 
Line HBW & EM SL & EM Cond & EM 
A 0.41 0.34 0.38 
B 
o
 
OJ o
 -0.77 0.25 
C 0.75 0.42 0.80 
D -0.23 0.20 -0.36 
E 0.59 0.68 0.49 
F 0.42 -0.4l 0.39 
G 0.47 0.31 0.55 
J 0.48 0.37 0.37 
K -0.21 0.24 -0.36 
L 0.21 0.18 0.l8 
&Based on full-sibs. 
Egg mass was defined as grams of egg produced per day 
per bird. The genetic and phenotypic correlations of 
housing body weight^ shank length and the condition index 
with egg mass are presented in Tables 13 and 14. The full-
sib genetic correlations of housing body weight with egg 
mass were positive and fairly large except for Line D 
selected for large egg and Line K selected for large body. 
For these lines the signs were negative. The same was 
true for the genetic correlations of the condition index 
48 
Table l4. Phenotypic 
in Table 13 
correlations of tlie same traite; as 
Line HBVJ & EM SL & EM Cond & EM 
A 0.12 0.11 0.08 
B -0.03 . 0.01 -0.03 
C 0.21 0.11 0.l8 
D -0.03 0.01 -0.03 
E 0.18 0.17 0.11 
F 0.02 0.07 -0.01 
G 0.12 0.08 0.09 
J 0.10 0.10 0.06 
K -0.02 0.01 -0.03 
L 0.09 0.10 0.05 
with egg mass. Shank length and egg mass were positively 
correlated, genetically, except in Line B selected for 
large body, and Line P selected for large body and small 
egg. The phenotypic correlations were similar to those 
given previously in that they were smaller than the genetic 
correlations and that for the large body lines they were 
negative or slightly positive while for the small body 
lines they were larger and positive. 
The efficiency index was defined as the grams of egg 
produced per day per pound of body weight. Tables 15 and 
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Table 15. Genetic correlations^ of housing body weight 
(HBW). shank length (SL) and the condition index 
(Cond) with the efficiency index (Eff) 
Line HBW & Eff SL & Eff Cond & Eff 
A -0.51 -0.54 -0.43 
B -0.18 -0.24 -0.10 
C 0.38 -0.06 0.54 
B -0.63 
-0.33 -0.64 
E 0.02^  0.20^  0.16% 
P 
-0.79 -0.86 -0.49 
G 
-0.35 -0.60 -0.26 
J -0.31 -0.26 -0.22 
K -0.54 -0.15 -0.62 
L -0.49 -0.46 -0.40 
^Based on full-sibs. 
^Estimated from the dam component of variance. 
16 give the genetic and phenotypic correlations of the 
efficiency index with, respectively, housing body weight, 
shank length and the condition index. Because the denomina­
tor of the efficiency formula is body weight, this would 
tend to make the correlation between body weight and the 
efficiency index negative. Likewise, this would be true for 
the correlations of the efficiency index with shank length 
and with the condition index. Nevertheless, there was a 
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Table l6. Phenotypic 
Table 15 
correlations of same traits as in 
Line HBW & Eff SL & Eff Cond & Eff 
A -0.15 -0.10 -0.12 
B -0.17 -0.11 -0.l6 
C 0.08 0.01 0.08 
D -0.26 -0.20 -0.20 
E -0.06 -0.03 -0.05 
F -0.22 -0.15 -0.l8 
G -0.11 -0.12 -0.07 
J -0.l6 -0.10 -0.13 
K -0.19 -0.14 -0.13 
L -0.19 -0.14 -0.14 
positive genetic correlation between housing body weight and 
the condition index with the efficiency index for Lines C 
and E; selected for small body and small egg, respectively. 
The phenotypic correlation for Line C was also positive. 
All other correlations, both genetic and phenotypic, between 
housing body weight, shank length and the condition index 
with the efficiency index were negative. 
The genetic correlations, based on the sire and dam 
components, of housing body weight, shank length and the 
condition index with and egg production, egg mass and 
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Table 17- The mean genetic and phenotyplc correlations of 
housing body weight fHBW), shank length (SL) and 
the condition index (cond) with part-record rate 
of egg production (Pj) for the large, inter­
mediate and small body weight groups 
Body weight HBW & P^ SL & P^ Cond & P^ 
Genetic correlations 
Large -0.14 -0.09 -0.14 
Intermediate 0.18 0.11 0.18 
Small 0.66 0.45 0.68 
Phenotypic correlations 
Large -o.o6 -0.01 -0.05 
Intermediate 0.04 0.02 0.03 
Small 0.15 0.10 0.12 
the efficiency index are presented in the Appendix Tables 
79, 80, 81 and 82. 
The correlation tables show that the relationship of 
housing body weight, shank length and the condition index 
with performance as measured by egg production (Pj and Pij), 
egg mass and the efficiency index depends on body size of 
the line. Average genetic and phenotypic correlations of 
the above traits for lines classified into large, inter­
mediate and small body are presented in Tables 17, l8, 19 
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Table l8. The mean genetic and phenotyplc correlations of 
housing body weight (HBW), shank length (SL) 
and the condition index (Cond) with full-record 
rate of egg production (Pip) for the large, inter­
mediate and small body weight groups 
Body weight HBW & PN SL & P? Cond & P, T 
Genetic correlations 
Large 
Intermediate 
Small 
0.00 
0 .22 
0.46 
-0.05 
0.12  
0.14 
0.02 
0.25 
0.56 
Phenotyplc correlations 
Large 
Intermediate 
Small 
0.00 
0.09 
0.20 
-0.03 
0.03 
0.08 
O.GO 
0.09 
0.l8 
and 20. The large body group included the lines selected 
for large body and large egg (Lines B, D, F, K and L). The 
intermediate body group included those lines selected for 
high egg production (Lines A and j) and Line G which was 
selected for large egg and small body. Starting with an 
intermediate body weight population, selection in Line G 
only slightly decreased body weight. The small body group 
Included those lines selected for small body and small egg 
( Line s C and E). 
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Table 19. The mean genetic and phenotypic correlations of 
housing body weight (HBW), shank length (SL) 
and the condition index (Cond) with egg mass 
(EM) for the large, intermediate and small body 
weight groups 
Body weight HBW & EM SL & EM Cond & EM 
Genetic correlations 
Large 0.08 -0.11 -0.02 
Intermediate 0.45 0.34 0.43 
Small 0.67 0.55 0.65 
Phenotypic correlations 
Large 0.01 0.04 -0.01 
Intermediate 1
—
1 rH 0 0.10 0.08 
Small 0.20 0.14 0.15 
The genetic and phenotypic correlations between Pj and 
housing body weight varied inversely with body weight of 
the lines (Table 17). The same was true for the correlations 
of shank length with egg production (both and Pip) and the 
condition index with egg production (Tables 17 and I8). The 
correlations for the intermediate body lines tended to be 
between the large and small body lines. There seemed to be 
an optimum body weight, shank length and condition index for 
optimum egg production. For example, in the large body lines 
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Table 20. The mean genetic and phenotypic correlations of 
housing body weight (HBW) shank length (SL) 
and the condition index (Cond) with efficiency 
(Eff) for the large, intermediate and small body 
weight groups 
Body weight HBW & Eff SL & Eff Cond & Eff 
Genetic correlations 
Large 
Intermediate 
Small 
-0.53 
-0.39 
0.20 
-0.51 
-0.47 
0.07 
-0.45 
-0.30 
0.35 
Phenotypic correlations 
Large 
Intermediate 
Small 
-0.21 
-0.14 
0.01 
-0.15 
-0.11 
-0.01 
-0.l6 
-0.11 
0.02 
the negative correlation implies that the smaller body weight 
birds tend to be the better producers. The opposite is true 
within the small body lines. 
The correlations between egg mass and body weight, 
shank length and the condition index, respectively, were 
mostly positive on both the genetic and phenotypic scale 
(Table 19). The correlations were higher for the small body 
group but near zero in the large body group. 
The efficiency index was negatively correlated with 
housing body weight, shank length and the condition index 
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both genetically and phenotypically for the large and inter­
mediate body groups (Table 20). Even though there was some 
automatic negative correlation between body weight and the 
efficiency index, the genetic and phenotypic correlations 
were positive for the small body lines. The trend of the 
correlations from negative to positive as the body weight 
varied from large to small was again clearly shown. 
Quadratic regression models 
Results from the correlation analysis indicated a 
curvilinear relationship between body weight and performance 
(egg production, egg mass and the efficiency index), shank 
length and performance and the condition index and performance. 
Hence, a quadratic model was fit to each of the three groups 
of data: the large, intermediate and small body groups. The 
model was also fit to the pooled data. Significance tests 
for optimum body weight, shank length and the condition 
index within each group were then made. 
The quadratic models fit contained year effects as a 
source of variation. Over TO percent of the variation in 
inbreeding was due to year effects (Appendix Table 74). To 
this extent the quadratic effects were independent of in­
breeding depression. 
For Figures 1 through 4 the curvilinear lines show both 
linear and quadratic effects of shank length, the condition 
index and housing body weight. The mean -3 a for each of 
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these three independent variables are shown in solid lines. 
The area outside these ranges is shoivn by dotted lines. The 
mean and standard deviations of the three body groups are 
given in Table 21. Body weights in the three groups over­
lapped because the groups were segregated by lines. For 
example^  since Line B, selected for large body and Line C, 
selected for small body, were derived from the same base 
population, some of the Individual body weights overlapped 
in the early generations of selection. 
P"! was regressed on the independent variables of shank 
length, the condition index and housing body weight in 
Figure 1. For all three groups shank length shows an inter­
mediate optimum for egg production. Observations for the 
large body group are found mostly on the right side of the 
shank length optimum whereas those for the small body group 
are mostly on the other side. The intermediate body group 
also tended to be distributed slightly to the left of the 
optimum. The quadratic effects for all three groups were 
statistically significant (Table 22). If the body weight/ 
shank length ratio (the condition index) is truly a measure 
of condition then the heavier birds seem to be over-
conditioned (fat'of" muscle) and the lighter birds under-
conditioned (Figure l). In both cases quadratic effects 
were significant. The curvilinear effect was not significant 
for the intermediate body group. These lines seemed to be 
Table 21. Means and standard deviations (a) of the three body weight groups 
Body weight group 
Small Intermediate Large 
Trait Mean n Mean a Mean 
Shank length (cm) 7.25 0.51 7.57 0.49 8.17 0.65 
Condition Index (lb/cm) 0.36 0.05 0.39 0.05 0.45 0.09 
Housing body weight 2.63 0.42 2.92 0.47 3.69 0.86 
Part-record rate 
of egg production {%) 67.9 18.5 71.1 17.1 67.2 18.0 
Full-record rate 
of egg production (^) 59.2 19.1 60.0 16.0 55.3 17.0 
Egg mass (gm) 29.5 8.1 34.5 8.7 35.7 10.2 
Efficiency Index (gm/lb) 9.8 3.0 9.6 2.5 7.8 2.6 
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Table 22. Statistical significance of the quadratic effects 
for shank length, the condition index and housing 
body weight on the dependent variables: part-
record rate of egg production (P^), full-record 
rate of egg production (Pip), egg mass (EM) and 
efficiency (Eff) 
Independent Body weight Dependent variables 
variables group P^ Pip EM Eff 
Shank length Small ** * 
Intermediate ** * ** 
Large * 
Pooled ** ** ** ** 
Condition index Small ** ** ** 
Intermediate ** ** 
Large ** ** 
Pooled ** ** ** 
Housing body weight Small ** ** ** * 
Intermediate ** ** ** 
Large ** * ** * 
Pooled ** *-* ** ** 
*P < .05. 
**P < .01. 
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neither under- nor over-conditioned. 
The effect of housing body weight on is also shown 
in Figure 1. Within the small body group, the heavier birds 
were the better layers and within the large body group the 
lighter birds were the better producers. Also intermediate 
body weight birds were the best layers within the intermediate 
body group. The quadratic effect of body weight on Pj was 
statistically significant in all three body groups (Table 22). 
In Figure 2 Pij, was regressed on shank length, the con­
dition index and housing body weight. The results are similar 
to those for Pj (Figure l). In general, P^ was highest when 
shank length, the condition index and body weight were inter­
mediate. Observations for the large body group were to the 
right and those for the small body group to the left of the 
optimum shank length, condition index and housing body weight. 
The significance of the quadratic effect of these three 
variables on P,j, is shown in Table 22. 
The quadratic regressions for egg mass on shank length, 
the condition index and housing body weight, respectively, 
are shown in Figure 3. Birds with the longest shank tended 
to produce the largest amount of egg mass per day. Also, 
the small body group tended to be under-conditioned and the 
large body group over-conditioned for maximizing egg mass. 
The regressions of the condition index on egg mass were 
statistically significant for all three body groups (Table 
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22), The individual body weights within the large body group 
varied around an optimum body weight for egg mass (Figure 3). 
This was also true in part within the intermediate body 
group. For the small body group an optimum housing body 
weight for maximizing egg mass was never reached. All 
quadratic regressions of egg mass on housing body weight 
for the three body groups were significant (Table 22). 
The quadratic regression equation for the efficiency 
index is plotted in Figure 4. For all three body size groups 
a negative but essentially linear relationship between shank 
length and the efficiency index is noted. Except for the 
small body group the same is true for the relationship be­
tween the condition index and the efficiency index and 
housing body weight and the efficiency index. Even though 
there would be some automatic negative correlation between 
housing body weight and the efficiency index, the slope of 
the regression line of the efficiency index on housing body 
weight for the small body group remained positive. Within 
the small body group the larger bodied birds were as effi­
cient as the smaller bodied individuals. 
Response to Selection for Body Weight and Egg Weight 
Analysis of variance 
The means, standard deviations and percent variance 
components within each line pooled over years are presented 
in Table 23 for 32 week body weight. Sires within years 
Table 23. Means, standard deviations (û) and percent variance components for the 
32 week body weight analyses of variance 
Line 
Selection 
criteria 
Mean body 
weight (lb) a 
Average ^  variance component 
Years Sires Dams Pull-sib 
A H-EP 3.81 0.50 22.4** 9.5** 15.1** 53.0 
B H-BW 5.68 0.66 37.0** 3.3** 7.1** 52.6 
C L-BW 2.86 0.35 65.9** 2.2** 3.8** 28.1 
D H-EW 4.41 0.60 5.4** 11.0** 15.6** 68.0 
E L-EW 3.23 0.44 50.4** 5.9** 8.8** 34.9 
P H-BW 4.98 0.58 37.0** 5.4** 11.3** 46.3 
L-EW 
G L-BW 3.36 0.39 26.3** 12.4** 10.8** 50.5 
H-EW 
J H-EP 3.45 0.41 18.3** 9.4** 11.9** 60.4 
K H-BW 4.97 0.57 45.6** 3.8** 4.1** 46.5 
L H-EW 3.80 0.48 9.2** 11.3** 12.3** 67.2 
Mean 4.06 0.50 31.8 7.4 10.1 50.7 
**P < .01. 
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and dams within sires each accounted for 5 to 15 percent of 
the total variance. Full-sib differences contributed about 
one-half of the total variability. The standard deviation 
of body weight ranged from 0.35 pounds for Line C (small 
body) to 0.66 pounds for Line B (large body). 
The means, standard deviations and percent variance 
components for 32 week egg weight are shown in Table 24. 
The results, within lines and pooled over years, were similar 
to those for body weight. Sires and dams within sires com­
bined contributed 10 to 20 percent of the total variation. 
The standard deviation of egg weight varied from 3.21 grams 
for Line E (small egg) to 4.6l grams for Line P (large egg). 
Degrees of freedom, mean squares and variance compo­
nents for the 32 week body weight and egg weight analyses 
of variance are presented in the Appendix Tables 67 and 68. 
Generation means 
The generation means for the single trait selection 
lines are plotted in Figures 5 and 6. The dotted lines 
represent the correlated responses. The generation means 
are deviations from the RCC randombred control except in 
the zero and first generations where Line A was used: the 
RCC line was not available until the second generation. 
The response to selection for either small or large body 
(Figure 5) was immediate and essentially linear. After 11 
generations of selection the Leghorn large body Line B was 
J 
Table 24. Means, s 
32 week 
tandard deviation (and percent 
egg weight analyses of variance 
variance components for the 
Selection Mean egg Average ^  variance components 
Line criteria weight (gm) a Years Sires Dams Pull-sibs 
A H-EP 51.6 3.93 42.6** 6.2** 9.8** 41.4 
B H-BW 57.9 4.28 9.4** 8.5** 10.2** 71.9 
C L-BW 46.1 3.57 59.5** 4.3** 6. 8** 29.4 
D H-BW 53.3 4.61 10.0** 9.0** 9.5** 71.5 
E L-EW 40.0 3.21 75.0** 3.2** 1.9** 19.9 
F H-BW 
L-EW 
49.8 4.35 8.0** 9.2** 12.5** 70.3 
G L-BW 
H-BW 
52.5 3.92 10.4** 8.4** 15.1** 66.1 
J H-EP 43.0 3.37 24.7** 9.7** 11.9** 53.7 
K H-BW 46.4 4.17 13.4** 5.7** 4.1 76.8 
L H-EW 49.5 3.54 25.7** 11.3** 3.2* 59.8 
Mean 49.0 3.90 27.9 7.6 8.5 56.0 
*P < .05. 
**p < .01. 
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2.27 pounds heavier than the control and the small body Line 
C was 1.75 pounds lighter than the control. The response 
of the Payoumi large body Line K was also immediate and 
linear. Direct responses to selection were all highly 
significant statistically (Table 25). The quadratic response 
to body weight selection was nonsignificant in all cases. 
The linear regression coefficients of line means expressed 
as deviations from the control population on generation 
number are given in Table 25. 
Table 25. Regression coefficients of line means on genera­
tion number for 32 week body weight and egg weight 
Selection Regression coefficient - standard error 
Line criteria Body weight (lb) Egg weight (gm) 
A H-EP -0.05 + 0.01** -0.39 + 0.07** 
J H-EP -0.03 + 0.03 +0.12 + 0.33 
B H-BW +0.20 + 0.02** +0.39 + 0.13* 
C L-B¥ -0.15 + 0.01** -0.91 + 0.10** 
K H-BW +0.21 + 0.03** +0.50 + 0.21* 
D H-EW +0.05 + 0.01** +0.90 + 0.10** 
E L-EW -0.13 + 0.01** -1.37 + 0.09** 
L H-EW +0.04 + 0.02 +1.19 + 0.20** 
*P < .05. 
**P < .01. 
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The correlated response in body weight for the high egg 
production Lines A and J were negative with that for Line A 
being statistically significant (Table 25). Line E selected 
for small egg showed a strong correlated response in body 
weight but Lines D and L, selected for large egg, showed 
rather weak correlated responses in body weight (Figure 5)• 
That for Line L was not statistically significant. 
The direct and correlated responses to selection for 
egg weight are shown in Figure 6 and the regression coeffi­
cients of line means on generation number are given in 
Table 25. The direct responses (solid lines) were statis­
tically significant but the quadratic effects were nonsignif­
icant. For the high egg production lines, Leghorn Line A 
the correlated effect on egg weight was significantly negative 
while for the Payoumi Line J it was positive and nonsignif­
icant. For the body weight lines all correlated responses 
in egg weight were statistically significant. 
The responses in the body weight and egg weight Leghorn 
lines were asymmetrical. The direct response in body weight 
was greater for up selection (Line B) than down selection 
(Line C). On the other hand, the direct response in egg 
weight was greatest for down selection (Line E). The lines 
selected downward for body or egg showed a strong correlated 
response for these traits. The lines selected for large 
body showed a strong correlated response in egg weight but 
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the reverse did not hold. The large egg lines showed a weak 
correlated body weight response. 
The generation means of all females and the selected 
females for 32 week body and egg weight are presented in 
Tables $6 and 57 (Appendix) for all lines including the RCC 
control. 
Selection intensity and heritabillties 
The selection intensity ranged from about one-half to 
one-third of all records. The standardized selection dif­
ferentials for the males, females and the mean of the two 
sexes are given in Table 26. The selection differentials 
were larger for the males than for the females in the body 
weight lines. The reverse was true for the egg weight lines 
because this trait is measurable only in females. Thus, the 
males were selected on their full sisters' records. For the 
Leghorn lines, the standardized selection differentials 
ranged from three-fourths to one standard deviation unit 
per generation. 
Realized heritabilities, calculated from the regression 
of generation means on cumulative selection differentials 
(Falconer, I960), are shown in Figures 7 and 8 for body 
weight and egg weight selection, respectively. The linear 
regression coefficients, ignoring sign, estimate the 
realized heritability, Because the mean and variance of 
body weight are positively correlated, the cumulative selec-
Table 26. Selection differentials in standard deviation 
units 
Generation 
Trait Ô I S 3 5 5 
Males 
BW line-B 
C 
K 
EW line-D 
E 
L 
Females 
BW line-B 
C 
K 
EW line-D 
E 
L 
Mean 
BW line-B 
C 
K 
EW line-D 
E 
L 
1.38 1.12 
-1.16 -0.94 
0.80 1.40 
1.33 0.96 
-0.95 -0,98 
0.58 1.10 
1.91 0.54 
-1.83 -0.34 
1.31 0.45 
1.57 0.74 
-1.93 -0.34 
1.67 0.60 
1.65 0.83 
-1.50 -0.64 
1.06 0.93 
1.45 0.85 
-1.44 -0.79 
1.13 0.85 
1.68 0.86 
-1.34 -0.64 
1.17 1.76 
0.68 0.65 
-0.96 -0.32 
0.57 0.88 
0.75 1.04 
-0.92 -0.74 
0.70 1.12 
1.00 0.78 
-0.94 -1.10 
0.84 1.17 
1.22 0.95 
-1.13 -0.69 
0.94 1.44 
0.84 0.72 
-0.95 -0.71 
0.71 1.03 
0.69 1.71 
-0.76 -1.25 
1.30 0.96 
1.03 1.06 
-0.49 -0,53 
0.91 0.26 
0.55 0.59 
-0.36 -0.90 
0.86 0.02 
0.49 1.10 
-0.87 -0.45 
1.03 1.01 
0.62 1.15 
-0.56 -1.08 
1.08 0.49 
0.76 1.08 
-0.68 -0.49 
0.97 0.64 
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Generation Average / 
"7 S 9 To Slim generation 
1.62 1.36 0.44 1.36 0.51 12.73 1.16 
-1.85 -0.88 -0.56 -0.51 -1.00 -10.89 -0.99 
0.79 0.78 -0.14 0.80 9.62 0.96 
0.43 0.79 0.63 1.07 1.20 9.83 0.89 
-0.97 -0.67 -0.75 -0.81 -1.07 -  8.50 -0.77 
0.67 0.77 0.68 0.27 6.69 0.67 
0.95 0.82 0.73 0.06 0.80 8.74 0.79 
-0.90 -0.47 -0.56 -0.42 -0.43 - 7.87 -0.72 
-0.05 0.42 0.00 0.58 5.41 0.54 
0.93 1.16 1.04 0.57 0.89 10.27 0.93 
-1.18 -0.89 -0.78 -0.41 -1.01 - 9.90 -0.90 
0.71 1.09 0.65 0.89 9.66 0.97 
1.29 1.09 0.59 0.71 0.66 10.76 0.98 
-1.38 -0.68 -0.56 -0.47 -0.72 - 9.41 -0.86 
0.37 0.60 -0.07 0.69 7.53 0.75 
0.68 0.98 0.84 0.82 1.05 10.07 0.92 
-1.08 -0.78 -0.77 -0.61 -1.04 - 9.34 -0.85 
0.69 0.93 0.67 0.58 8.20 0.82 
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tion differential was much larger in the Leghorn Line B 
(large body) than in Leghorn Line C (small body) even 
though the standardized selection differentials were only 
slightly different. This also holds for egg weight. The 
realized heritability for the large and small body Leghorn 
lines was 0.33 and 0.43, respectively, with the difference 
being statistically significant. The realized heritability 
for the Fayoumi large body line was 0.49. The realized 
heritabilities were 0.25 and 0.59, respectively, for the 
large and small Leghorn egg lines. Again this difference 
was highly significant. The realized heritability of the 
Fayoumi large egg line was 0.43. 
The realized heritability estimates were higher in the 
small body and small egg lines but the actual gains made were 
not proportionally larger because the selection differentials 
were smaller in the down lines (C and E) than in the up lines 
(B and D). When the selection differentials were standardized 
the estimated selection differentials were only slightly less 
for those lines selected down. 
The full-sib heritability estimates along with the 
realized heritabilities for body weight are given in Table 
27. The estimated and realized heritabilities were signif­
icantly different in only the Fayoumi Line K. The herita­
bilities estimated for the other lines, ranging from 0.52 to 
0.63, were considerably higher than those for the body weight 
lines. 
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Table 27. Pull-sib heritability estimates (E) and realized 
heritability estimates (R) for 32 week body 
weight 
Selection 
criteria Line E R E-R 
Body weight 
Egg weight 
Egg production 
B 0.33 4- 0.05 0.33 + 0.03 0.00 
C 0.35 4- 0.05 0.43 4- 0.02 -0.08 
K 0.29 + 0.06 0.49 4- 0.08 -0.20* 
D 0.56 + 0.06 
E 0.59 4- 0.07 
L 0.52 4- 0.06 
A 0.63 : 0.04 
J 0.52 t 0.05 
Body weight and 
egg weight 
Mean O.5O t 0.04 0.42 T O.O5 
*P < .05. 
P 0.53 + 0. 07 
G 0.63 4- 0. 09 
0 0 4-  
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The full-sib and realized heritability estimates for 
egg weight presented in Table 28 were significantly dif­
ferent for both the large egg and small egg Leghorn lines. 
The heritability estimates for all lines ranged from 0.39 
to 0.57 except for Line K. For the Leghorn lines, the full-
sib heritabilities were overestimated for the line selected 
up and underestimated for the line selected down. The 
trends in full-sib heritability estimates by generations, 
given in the Appendix Table 77 for the body weight and egg 
weight lines, were not significant. 
The heritability estimates from the sire and dam compo­
nents of variance for body weight and egg weight are given 
in the Appendix Table 76. 
Realized genetic correlations 
The regression coefficients of the correlated trait on 
the selected trait are given in Table 29. For the body 
weight Lines B, C and K the regression coefficients 
represent egg weight regressed on body weight and for the 
egg weight Lines D, E and L they represent body weight 
regressed on egg weight. The data were converted to the 
logarithmic scale before the regression coefficients were 
calculated to avoid the correlation between the mean and the 
variance. All values were taken relative to the control 
Line RCC. 
The regressions of egg weight on body weight for the up 
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Table 28. Full-sib heritability estimates (E) and realized 
heritability estimates (R) for 32 week egg weight 
Selection 
criteria Line E R E-R 
Body weight 
Egg weight 
Egg production 
Body weight and 
egg weight 
B 0.41 + 0. 07 
C 0.55 + 0. 07 
K 0.23 0. 08 
D 0.41 + 0.06 0.25 0.02 0. 16* 
E 0.41 + 0.07 0.59 + 0.03 -0. 17* 
L 0.39 + 0.07 0.43 t 0.07 -0. 04 
A 0.56 t 0.04 
J 0.57 t 0.06 
P 0.47 ± 0.07 
G 0.52 t 0.07 
Mean 0.45 t 0.04 0.42 ± 0,10 
< .05.  
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Table 29. Regression coefficients of the correlated trait 
on the selected trait 
Up selection Down selection 
Regression Line Coefficient Line Coefficient 
Egg weight on 
body weight 
B 0.22 ± 0.04** C 0.41 t 0.03** 
K 0.24 ± 0.11* 
Body weight on 
egg weight 
D 0.71 t 0.14** E 1.18 t 0.06** 
L 0.39 - 0.21 
*P < .05. 
**P < .01. 
and down lines (B versus C) were significantly different. 
The regression coefficient for Fayoumi Line K was similar 
to that for Leghorn Line B. All the regression estimates 
for egg weight on body weight were statistically significant. 
The regression of body weight on egg weight was significantly 
lower in Line D than in Line E. Thus, the correlated 
response to selection for both body weight and egg weight 
was stronger downward than upward. 
The phenotypic and genetic correlations of body weight 
and egg weight are presented in Table 30. Genetic correla­
tions from both the full-sib analyses and realized correla-
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Table 30. Phenotypic and genetic correlations, estimated 
(E) and realized (R), of 32 week body weight 
with 32 week egg weight 
Selection Phenotypic Genetic correlations 
criteria Line correlations E R E-R 
Body weight 
Egg weight 
Egg production 
Body weight and 
egg weight 
Mean 
B 0.29 0.27 0.39 -0.12 
C 0.27 0.51 0.51 0.00 
K 0.25 0.68 0.34 0.34 
D 0.35 0.36 0.37 -0.01 
E 0.37 0.65 0.79 -0.14 
L 0.35 0.19 0.21 -0.02 
A 0.38 0.57 
J 0.36 0.46 
P 0.37 0.68 
G 0.41 0.65 
0.34 0.50 0.44 
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tions are shown. The genetic correlations estimated from 
the sire and dam components of variance are given in the 
Appendix Table 83. Estimates of realized heritabilities 
were used in the calculations of the realized genetic 
correlations. For example, the realized heritability of 
egg weight from Line D was used to calculate the realized 
genetic correlations for Line B. Likewise, the realized 
heritabilities for Lines C and E were used interchangeably 
for each of these lines selected in the downward direction. 
The phenotypic correlations were smallest in the body 
weight lines. The correlations for the other lines ranged 
from 0.35 to 0.4l. Except for the Payoumi Line K the 
estimated and realized genetic correlations were in fair 
agreement. In most cases, both the estimated and realized 
genetic correlations were larger in the down lines (C and E) 
than in the up lines (B, D, K and L). 
In the preliminary report of the body weight and egg 
weight lines, Pesting (1964) suggested that asymmetrical 
realized genetic correlations may be due to selection and 
fixation of the pleiotropic genes. If the initial 
pleiotropic gene frequency was above O.5 for large body 
and large egg genes, up selection might have produced a 
relatively smaller correlated response because the genetic 
covariance may be near exhaustion. Alternatively, down 
selection would favor intermediate pleiotropic gene fre­
34 
quencies resulting in a larger correlated response. 
Expected and observed response to selection 
The expected response to selection was estimated from 
the prediction equation 
AG = (Xg - Xp) 
where x^ is the selected population mean and Xp is the total 
population mean, (Xg - Xp) is the cumulative selection dif-
2 ferential and h is the heritability estimate in the base 
population. The variance of AG is assumed to be equal to 
p 
the variance of h ; i.e., the selection differential is 
assumed to be measured without error. Full-sib heritability 
2 
estimates obtained in the Leghorn base population were h = 
0.62 1" 0.13 for body weight and O.65 - 0.12 for egg weight. 
The confidence intervals and observed responses for body 
weight are shown in Figure 9- The dotted lines represent the 
upper and lower confidence intervals and the solid lines are 
the observed responses. The predicted response in body 
weight tended to be overestimated in the Leghorn lines but 
for the Payoumi Line K, the observed responses remained 
within the confidence interval for all generations except 
the first three. 
The confidence intervals for the egg lines are shown in 
Figure 10. The observed response in Line D tended to be 
slightly less than the expected genetic change. The 
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responses in both Lines E and L agreed well with the expecta­
tions . 
The base population heritability estimates for both 
body weight and egg weight seem to be overestimated. With­
out exception the heritabilities estimated from full-sib 
correlations, pooled over years, were lower than those calcu­
lated from the base populations. 
Estimators of Performance Efficiency 
Analysis of variance 
The means, standard deviations and average percent 
variance components for part-record rate of egg production 
(P^) is presented in Table 31. The variance between indi­
viduals within dams, i.e., between full-sibs, accounted for 
So to 90 percent of the variation. Year effects would be 
caused by both environmental and selection effects between 
generations. 
The sire component accounted for less than one percent 
of the total variation in all Leghorn lines except G. On 
the other hand, the dam effects were significant for each 
line except F. The difference between the dam and sire 
components represent effects caused by nonadditive genetic 
variance, sex linkage and maternal effects (Falconer, 196O), 
or possibly to differences in intensity of selection between 
the sexes. A statistical summary including means, standard 
deviations and average percent variance components for full-
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Table 31. Means, standard deviations (?) and percent 
variance components for part-record rate of egg 
production 
Mean Average % variance components 
Line ($) a Years Sires Dams Full-sibs 
A 67.7 18.6 10.6** 0.3 4.8** 84.3 
B 58.3 19.9 11.4** 0.7 7.5** 80.4 
C 60.7 20.4 6.2** 0.8 5.4** 87.6 
D 60.5 19.2 17.2** 0.4 5.2** 77.2 
E 66.7 20.0 5.8** 0.6 10.4** 83.2 
F 71.5 17.7 2.8** 0.8 0.0 96.4 
G 66.9 17.2 7.3** 2.8** 5.3** 84.6 
J 72.2 16.9 5.1** 1.1* 5.7** 88.1 
K 60.9 20.5 11.2** 2.8* 4.8 81.2 
L 68.0 17.8 5.1** 2.4** 1.3 91.2 
Mean 65.3 18.8 8.3 1.3 5.0 85.4 
*P < .05. 
**P < .01. 
record rate of egg production (Pgi) is presented in Table 32. 
The results are similar to those found for P^. Full-sibs 
accounted for most of the variation. Year effects were 
significant in each line. 
The egg mass summary of means, standard deviations and 
percent variance components is given in Table 33. Because 
egg mass is a partial function of part-record rate of egg 
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Table 32. Means, standard deviations (a) and percent 
variance components for full-record rate of egg 
production 
Mean Average ^  variance components 
Line (*) m a Years Sires Dams Full-sibs 
A 56.9 17.7 5.6** 1.5** 9.5** 83.4 
B 48.5 17.9 11.9** 2.9** 3.8 81.4 
C 50.0 19.6 4.7** 0.8 10.1** 84.4 
D 53.8 18.4 11.1** 0.4 8.4** 80.1 
E 55.4 19.6 5.9** 0.1 11.6** 82.4 
F 61.0 16.9 4.0** 2.4** 2.7 90.9 
G 59.2 16.4 4.3** 1.7* 10.5** 83.5 
J 59.1 15.0 4.0** 3.1** 7.2** 85.7 
K 42.6 15.6 3.7** 5.2** 6.9* 84.2 
L 52.1 16.3 4.8** 2.8** 6.3** 86.1 
Mean 53.9 17.3 6.0 2.1 7.7 84.2 
*P < .05. 
**P < .01. 
production, the results are similar to those for egg pro­
duction. The variance between full-sibs accounted for 80 
to 90 percent of the total variation. Lines E and D, 
representing the extremes in the mean egg mass, ranged from 
29.5 to 38.4 grams of egg produced per day. 
A summary of the means, standard deviations and percent 
variance components for the ratio of egg weight to body 
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Table 33- Means, standard deviations and percent 
variance components for egg mass 
Average % variance components 
Line Mean A a Years Sires Dams Full-sibs 
A 35.8 9.6 7.5** 2.1** 4.0** 86.4 
B 35.4 11.1 7.8** 2.4* 3.0 86.8 
C 30.3 10.1 8.0** 3.9** 2.2 85.9 
D 37.8 13.9 12.2** 0.3 6.7** 80.8 
E 30.0 7.9 4.8** 
00 d
 11.7** 82.7 
F 36.7 8.6 5.1** 3.4** 0.3 91.2 
G 36.5 9.0 13.7** 2.4** 2.4* 81.5 
J 31.4 7.4 6.4** 12.5** 4.4** 86.7 
K 29.4 11.3 8.2** 0.0 6.6* 85.2 
L 34.3 8.1 9.0** 4.3** 3.5* 83.2 
Mean 33.8 9.7 8.3 3.2 4.5 85.0 
^Grams of egg produced per day. 
*P < .05. 
**P < .01. 
weight is given in Table 34. Both egg weights and body 
weights were taken at 32 weeks of age. The means are grams 
of egg per pound of body weight at 32 weeks of age. The 
large and small body lines represent the extremes for the 
ratio. The means of the large and small egg lines were 
usually intermediate. In contrast to the egg production and 
egg mass results, the sire and dam components contributed a 
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Table 34. Means, standard deviations (a) and percent 
variance components for the ratio of 32 week 
egg weight to 32 week body weight 
Average 0 variance components 
Line Mean a Years Sires Dams Full-sibs 
A 13.5 2.60 10.3** 11.4** 11.5** 66.8 
B 10.5 1.42 50.0** 5.4** 3.9* 40.7 
C 15.9 3.26 32.9** 8.2** 4.2** 54.7 
D 13.6 2.77 4.4** 12. 7** 16.1** 66.8 
E 13.1 2.48 4.8** 9.2** 11.7** 74.3 
F 10.2 1.39 49.5** 5.3** 3.3** 41.9 
G 15.7 2.56 24.5** 10.9** 6.8** 57.8 
J 12.6 2.02 2.2** 12. 7** 11.8** j73.3 
K 9.7 1.40 46.8** 3.5** 2.3 47.4 
L 13.1 2.29 11.7** 12. 1** 14.8** 61.5 
Mean 12.8 2.21 23.9 9 . 1  8.6 58.4 
^Grams of egg per pound of body weight. 
*P < .05. 
**P < .01. 
significant amount to the total variation in the ratio. The 
variation between full-sibs was again the major contributor 
(40 to 70 percent of the total variation). Year effects 
were significant in each line but the range was less than 
10 percent in Lines D, E and J to 50 percent in Line B. 
Means, standard deviations and percent variance compo­
nents for the efficiency index are presented in Table 35. 
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Table 35. Means, standard deviations (rr) and percent 
variance components for the efficiency index 
Average 0 variance components 
Line Mean^ CT Years Sires Dams Full-sibs 
A 9.4 5.36 14.2** 2.3** 3.6** 79.9 
B 6.4 3.86 11.2** 3.2* 2.8 82.8 
C 10.2 8.26 14.0** 3.4** 1.1 81.5 
D 8.6 6.23 11.5** 3.6** 7.9** 77.0 
E 9.1 5.46 12.5** 0.0 7.9** 79.6 
F 7.5 3.11 20.5** 2.6** 0.5 76.4 
G 10.7 6.23 2.0** 3.6** 2.3 92.1 
J 9.2 4.79 5.0** 2.5** 4.9** 87.6 
K 6.2 4.15 8.9** 0.2 5.0 85.9 
L 9.1 4.98 8.8** 3.1** 5.0* 83.0 
Mean 8.6 5.24 10.9 2.5 4.1 82.5 
&Gram8 of egg produced per day per pound of body weight. 
*P < .05. 
**P < .01. 
The efficiency index, defined as grams of egg produced per 
day per pound of body weight, is a partial function of egg 
production as is egg mass. Hence, the analyses of variance 
are similar to those for egg production and egg mass. The 
sire and dam components of variance jointly contributed 
about 5 to 10 percent to the total variance. The least 
efficient lines were the large body Lines B and K. The 
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most efficient was Line G, selected for large egg and small 
body. 
Additional details, including degrees of freedom, mean 
squares and variance components for Pgi, egg mass, the 
egg weight/body weight ratio and the efficiency index are 
given in the Appendix Tables 69-73. 
Means and genetic changes per generation 
The means for and Pip egg production adjusted for 
inbreeding are plotted by generations in Figures 11, 12, 13 
and l4. All observations are deviations from the RCC control 
from generation 2 through 11. In generations zero and one 
Line A was the control. The adjustment for inbreeding was 
based on the regression coefficient (b=-0.23; Tolman, 1969) 
of egg production on percent inbreeding calculated from the 
same data used in this study. To illustrate the use of the 
regression coefficient, an individual with an inbreeding 
coefficient of 10 percent would be expected to lay at a 
2.3 percent lower rate than if she were not inbred. The 
inbreeding coefficients for the RCC controls were estimated 
from the effective number of parents (Gowe ejb a^., 1959) in 
each test year. The increase in inbreeding for the RCC 
population was approximately 0.2 percent per generation. 
Figures 11 and 12 show that selecting for body weight and 
egg weight lowered egg production, with the possible excep­
tion of Line E selected for small egg weight. The estimated 
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genetic change per generation, given in Table 36 as regres­
sion coefficients of the line mean minus the control mean 
on generation number, shows that up selection lowers egg 
production more than down selection for both body weight 
and egg weight. In Line E the regression coefficient was 
positive and statistically different from zero. All other 
regression coefficients for the body and egg weight lines 
were negative. Rate of egg production in Line A changed 
very little except for the last three generations when it 
increased (Figure 13; Tolman, 1969). Combining the data over 
all generations, the regression coefficient was positive and 
statistically significant. For Line J selected for high egg 
production, the changes In and egg production were not 
significant. The regression coefficients for the two-trait 
selection lines (Figure l4) were of opposite signs for P^ 
but neither was significant. For P^ both regression co­
efficients were negative. The observations in generation 4 
for Lines F and G were the F^ of the crosses, B x E and 
C X D, which were the foundation of the F and G lines, 
respectively. Hence, the superiority demonstrated was 
probably a heterosis effect. 
To compute the egg mass means (Figures 15, l6, 17 and 
l8), egg production rate was adjusted for inbreeding. Selec­
tion for large and small body decreased egg mass in the 
three large lines; the decreases in Leghorn Lines B and C 
Table 36. Estimated genetic change per generation, i.e., 
regression of deviations (line mean-RCC) on 
generation number 
Selection Trait^ 
Egg weight 
Egg production 
Body weight and 
egg weight 
criteria Line Pip 
Body weight 
B -1.43 + 0.31** -1.28 0 .31** 
C -0.50 + 0.45 -0.58 + 0 .41 
K -1.64 + 0.97 -2.02 + 0, .44** 
D -1.19 + 0.43* -1.21 + 0.38** 
E 0.71 + 0.23* 0.74 + 0.26* 
L -1.29 + 0.57* -0.47 + 0.44 
A 0.80 t 0.34* 0.57 - 0.23* 
J -0.35 - 1.31 -0.34 t 0.82 
p 0.56 ± 1.01 -0.07 ± 1.13 
G -0.15 - 0.14 -0.49 ± 0.73 
^P]_ = part-record rate of egg production {fo), 
Py = full-record rate of egg production (^), 
EW/BW = 32 week egg weight/32 week body weight (gm/ 
lb), 
EM = egg mass (gm/day), 
Eff = efficiency (gm/day/lb). 
*P < .05. 
**P < .01. 
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Trait^ 
EW/BW EM Eff 
-0.32 + 0.04** -0.49 + 0.18* -0.36 + 0.04** 
0.49 + 0.03** -0.85 + 0.21** 0.26 + 0.07** 
-0.32 + 0.09* -0.55 + 0.51 -0.43 4- 0.12** 
0.09 + 0.03* -0.06 + 0.26 -0.10 + 0.07 
0.08 + 0.02** -0.76 + 0.15** 0.15 0.04** 
0.20 + 0.08* 0.09 + 0.38 -0.05 + 0.08 
0.08 + 0.02** 0.10 + 0.16 0.17 + 0.03** 
0.17 + 0.13 -0.46 + 0.74 0.04 + 0.19 
-0.44 ± 0.08** 
0.37 t 0.06** 
-0.32 
-0.94 
t 0.48 
± 0.49 
-0.40 ± 0.10** 
-0.02 t 0.12 
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were statistically significant (Table 36). In Lines D and 
L, both selected for large egg, egg mass has remained 
essentially unchanged over the 10 or 11 generations of 
selection (Figure I6). Egg mass in the small egg Line E 
has decreased steadily and significantly up to the last 
few generations. In the egg production Lines A and J, egg 
3mss did not change significantly over generations (Figure 
17) while for both of the two-trait lines, egg mass de­
creased (Figure I8). 
'The egg weight/body weight ratios, given in Figures 15, 
16, 17 and 18, were expressed as deviations from the RCC 
control. The body Lines B and C responded oppositely 
(Figure 16). For the lines selected up (B and K) the ratio 
of egg weight to body weight significantly decreased (Table 
36) even though egg weight increased during selection for 
high body weight. For the small body Line C the ratio 
significantly increased in spite of the correlated decrease 
in egg weight. The three egg weight lines (Figure I6) 
responded differently than the body weight lines. All 
gained significantly in the egg weight/body weight ratio 
(Table 36). The response of these lines closely paralleled 
each other. Line E increased, even though it has been 
selected for small egg weight. This was evidently offset 
by the correlated decrease in body weight. The egg pro­
duction lines also Increased in the egg weight/body weight 
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ratio (Figure 17). For the two-trait lines the results were 
opposite and highly significant. The ratio increased in 
Line G selected on a linear index for large egg and small 
body but decreased in Line F, selected in the opposite 
direction for these two traits. 
The efficiency index means, plotted as deviations from 
the control by generations in Figures 19 and 20, were 
calculated as the product of egg production adjusted for 
inbreeding and the egg weight/body weight ratio. The esti­
mated genetic changes in the efficiency index (Table 36) for 
the small body Line C increased during the course of selec­
tion (Figure I9) while that for the large body Lines B and 
K decreased. In the case of Line E selected for small egg, 
the efficiency index increased significantly while for large 
egg Lines D and L, the effects of selection on the efficiency 
index did not differ significantly from zero (Table 36). 
This seems contrary to expectations if genes for egg weight 
are independent of genes for egg production and body weight. 
For the egg production Line A, the efficiency index in­
creased mostly over the last three generations. The 
efficiency index for Line J was somewhat sporadic over 
generations but with no significant change. The efficiency 
index for Line F decreased significantly while Line G re­
mained approximately unchanged during the selection period. 
The unadjusted means for and Prp egg production, for 
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Figure 19. The efficiency index adjusted for inbreeding 
for the body weight and egg weight selection 
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Figure 20. The efficiency index adjusted for inbreeding 
for the egg production and two-trait selec­
tion lines 
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egg mass, the egg weight/body weight ratio and for the 
efficiency index are given in the Appendix Tables 58-62. 
The inbreeding coefficients used for adjusting the means 
are given in the Appendix Table 63. 
Herltabilities 
Sire and dam components and full-sib heritability esti­
mates for and egg production pooled over years are 
given in Tables 37 and 38. The heritabilities ranged 
from 1 to 13 percent with a mean of six percent for the sire 
component. In Line A, where no progress in egg production 
was observed the first eight generations in spite of selec­
tion only for production, the heritability estimate was only 
one percent. In the Leghorn lines (A, B, C, D, E, P and G) 
the heritability estimates tended to be lower than in the 
Payoumi lines (j, K and L). The heritability estimates 
from the dam component were consistently greater than those 
from the sire component. The mean estimate from the dam 
component was 22 percent. The full-sib heritability esti­
mates averaged l4 percent. The heritability estimates of 
Pij, egg production were similar to those of P^ although they 
were slightly higher in most cases. That the full-record 
rate was measured over a longer period of time than the 
part-record rate may explain this difference. Thus, the 
environmental variance relative to the genetic variance 
would be greater in the part-record than in the full-record 
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Table 37- Heritability estimates for part-record rate of 
egg production 
Selection Method of estimation 
criteria Line Sire Dam Sire + Dam 
Body weight 
B 
C 
K 
Egg weight 
D 
E 
L 
Egg production 
A 
J 
Body weight and 
egg weight 
F 
G 
Mean 
0. .03 + 0 .05 0 .34 + 0.12 
0. .03 + 0 .04 0 .23 + 0.09 
0. .13 0 .07 0 .21 + 0.14 
0. 02 + 0 .04 0 .25 4- 0.08 
0. 03 + 0 .04 0 .44 + 0.09 
0. 10 + 0 .04 0 .05 + 0.08 
0. 01 + 0 .01 0 .22 + 0.04 
0. 05 + 0 .03 0 .24 + 0.06 
0. 03 + 0, .03 0 .00 ± 0.08 
0. 12 + 0 .05 0 .23 ± 0.08 
0. 06 + 0, .01 0 .22 + 0.04 
0, .18 + 0 .05 
0. .13 + 0 .04 
0. 17 + 0 .07 
0. 13 + 0 .04 
0. 23 0 .04 
0. 08 0 .04 
0. 12 + 0 .02 
0. 14 + 0 o
 
U)
 
0. 00 ± 0, .04 
0. 17 + 0 .04 
0. 14 + 0, .02 
Ill 
Table 38. Heritability estimates for full-record rate of 
egg production 
Selection Method of estimation 
criteria Line -SireDamSire + Dam 
Body weight 
Egg weight 
Egg production 
Body weight and 
egg weight 
B 0 .13 + 0 .06 0.17 + 0 .10 0.15 t 0.05 
C 0 .03 0 .05 0.42 i 0 .09 0.23 -Î- 0.04 
K 0 .21 + 0 .08 0.29 + 0 .13 0.25 + 0.07 
D 0.02 + 0.04 0.38 + 0.09 0.20 + 0.04 
E 0.00 + 0.04 0.49 + 0.09 0.25 + 0.04 
L 0.12 + 0.05 0.26 + 0.08 1
—
1 d
 + 0.04 
A 0.06 - 0.02 0.40 ± 0.05 0.23 ^  0.02 
J 0.13 - 0.04 0.30 t 0.06 0.21 ± 0.03 
F 
G 
Mean 
0. 10 + 0.05 0.11 + 0 .08 0 .11 + 
o
 
d
 
0. 07 + 0.05 0.44 0 .09 0 .26 + 0.05 
0. 09 + 0.02 0.33 + 0 .04 0 .21 + 0.02 
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period. 
The sire component, dam component and full-sib herita-
bility estimates of egg production by generation are 
presented in the Appendix Table 70. The linear trends over 
generations in the heritability estimates for Lines A and 
J were nonsignificant. 
The heritability estimates for the egg weight/body 
weight ratio given in Table 39, averaged 47, 42 and 44 per­
cent for the sire and dam component estimates and the full-
sib estimate, respectively. The heritability estimates were 
highest in the egg weight lines and lowest in the body weight 
lines. The differences of the heritabilities within a line 
seemed not to be affected by the method of estimation. 
Heritability estimates for egg mass and the efficiency 
index are presented in Tables 40 and 4l. Estimates were 
about 10 percent from the sire component and 20 percent from 
the dam component for both of these traits. The heritability 
estimates from the dam component tended to be larger than the 
sire component estimates. 
The mean differences between the sire and dam estimates 
of heritability are presented in Table 42 for and P^ egg 
production, for the egg weight/body weight ratio, for egg 
mass and for the efficiency index. The dam estimate of 
heritability was consistently greater for the egg production 
traits including egg mass and the efficiency index both of 
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Table 39. Heritability estimates for the egg weight/body 
weight ratio 
Selection Method of estimation 
criteria Line Sire Dam Sire + Dam 
Body weight 
Egg weight 
Egg production 
Body weight and 
egg weight 
Mean 
B 0.43 + 0. 11 0.31 0. 12 0.37 + 
C 0.49 + 0. 11 0.25 + 0. 09 0.37 ± 
K 0.26 0. 10 0.17 + 0. 16 0.22 + 
D 0.53 + 0. 12 0,67 0. 10 0 .60 + 
E 0.38 ± 0. 10 0.49 0. 10 0 .44 + 
L 0.55 + 0. 12 0.67 0. 10 0 .61 + 
A 0.51 ^  0.07 0.51 ^ 0.05 0.51 ± 0.04 
J 0.52 i 0.09 0.48 ± 0.06 0.50 ± 0.05 
F 
G 
0.42 ± 0. ,11 0.26 + 0.09 0.34 0 .07 
0.58 ± 0. 14 0.36 + 0.09 0.47 + 0 .08 
0.47 + 0. 03 0
 
ro
 
+ 0.06 0.44 ± 0 .04 
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Table 40. Heritablllty estimates for egg mass 
Selection Method of estimation 
criteria Line Sire Dam Sire + Dam 
Body weight 
Egg weight 
Egg production 
Body weight and 
egg -weight 
Mean 
B 0 .10 t  0.07 0. 13 t  0.13 0. 12 t  0 .06 
C 0 .17 ± 0.06 0. 10 t  0.09 0. 13 ± 0 .05 
K 0 .00 ± 0.07 0. 29 + 0.18 0. 12 d: 0 .08 
D 0.01 + 0.04 0.31 + 0 .10 0.16 + 0 .05 
E 0.03 ± 0.05 0.49 ± 0 .10 0,26 + 0 .05 
L 0.19 ± 0.06 0.15 ± 0 .09 0.17 ± 0 .05 
A 0.09 - 0.02 0.17 ^ 0.05 0.13 ^ 0.02 
J 0.11 ± 0.04 0.19 ^ 0.06 0.15 ^ 0.03 
F 0 .14 ± 0.05 0.01 ± 0.09 0. 08 ± 0 .05 
G 0 .11 ± 0.05 0.11 ± 0.09 0. 11 ± 0 .04 
0 .10 ± 0.02 0.20 ± 0.04 0. 14 ± 0 .02 
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Table 40. Heritability estimâtes for egg mas: 
Selection Method of estimation 
criteria Line Sire Dam Sire + Dam 
Body weight 
Egg weight 
Egg production 
Body weight and 
egg weight 
Mean 
B 0.10 + 0 .07 0.13 t 0 .13 0. 12 t 0.06 
C 0.17 + 0 
vo o
 0.10 "i" 0 .09 0. 13 i 
m
 
o
 
d
 
K 0.00 t 0 .07 0.29 ± 0 .18 0. 12 ± 0.08 
D 0. 01 + 0.04 0.31 t 0 .10 0 .16 + 0 .05 
E 0. 03 ± 0.05 0.49 ± 0 .10 0 .26 ± 0 .05 
L 0. 19 i 0.06 0.15 ± 0 .09 0 .17 ± 0 .05 
A 0.09 - 0.02 0.17 - 0.05 0.13 - 0.02 
J 0.11 i 0.04 0.19 - 0.06 0.15 - 0.03 
F 
G 
0. 14 ± 0 .05 0.01 t 0. 09 0. 
00 o
 0. 05 
0. 11 ± 0 .05 0.11 d: 0. 09 0. 11 0. 04 
0. 10 ± 0 C
V) o
 0.20 ± 0. 04 0. 14 ± 0. 02 
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Table 4l. Heritability estimates for the efficiency index 
Selection Method of estimation 
criteria Line Sire Dam Sire + Dam 
Body weight 
Egg weight 
Egg production 
Body weight and 
egg weight 
B 0.14 ± 0.07 0.12 ± 
CO 1—
1 d
 0. 13 t 0 .06 
C 0.16 ± 0.06 0.05 ± 0.09 0. 10 0 .05 
K 0.01 ± 0.07 0.22 ± 0.17 0. 11 ± 0 .08 
D 0. 16 + 0 .06 0.36 + 0 .10 0 .26 ± 0 .05 
E 0. 00 ± 0 .04 0.36 ± 0 .10 0 .17 + 0 .04 
L 0. 14 + 0 .06 0.22 ± 0 .09 0 .18 X 0 .05 
A 0.11 - 0.03 0.17 - 0.04 0.14 ± 0.02 
J 0.11 i 0.04 0.20 t 0.06 0.l6 - 0.03 
F 
G 
Mean 
0. 13 + 0 .05 0 
CO o
 
+ 0 .09 0 .08 + 0 .05 
0. 15 + 0 .05 0 .09 + 0 
CO o
 0 .12 + 0 .05 
0. 11 db 0 
CV
J o
 0 .18 0 .04 0 .15 t 0 .02 
Table 42. Differences between the sire and dam component 
heritability estimates (h| - h^) 
Trait®" 
Selection Egg production rate 
criteria Line Pi Ft 
Body weight 
B -0.31 f 0.13 -0.04 t 0.12 
C -0.20 ± 0.10 -0.39 ± 0.10 
K -0.08 ± -.16 -0.08 t 0.15 
Egg weight 
D -0.23 ± 0.09 -0.36 t 0.10 
E -0.41 t 0.10 -0.49 - 0.10 
L 0.05 t 0.09 -0.14 i 0.09 
Egg production 
A -0.21 ± 0.04 -0.34 i 0.05 
J -0.19 ± 0.07 -0.17 ± 0.07 
Body weight and 
egg weight 
F 0.03 - 0.09 -0.01 t 0.09 
G -0.11 t 0.09 -0.37 - 0.10 
Mean -0.17 - 0.05 -0.24 t 0.05 
s-p = part-record rate of egg production (fo), 
= full-record rate of egg production 
m/em = 32 week egg weight/32 week body weight (gm/ 
^' EM = egg mass (gm/day), 
Eff = efficiency imiex (gm/day/lb). 
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Trait®" 
EW/feW EM Eff 
0.12 t 0.l6 -0.03 + 0.15 0.02 -f- 0.15 
O
J o
 ± 0.14 0,07 + 0.11 0.11 ± 0.11 
0.09 + 0.19 -0.29 t 0.19 -0.21 ± 0.18 
-0.14 + 0.16 -0.30 + 0.11 -0.20 0.12 
-0.11 + 0.14 -0.46 + 0.11 -0.36 ± 0.11 
-0.12 + 0.16 
o
 
d
 + 
1—
1 
rH 6 
-0.08 ± 0.11 
-0.00 t 0.09 -0.08 + 0.05 -0.06 + 0.05 
0.04 + 0.10 -0.08 + 0.07 -0.09 ± 0.07 
0.l6 + 0.14 0.13 + 0.10 0.10 + 0.10 
0.22 + 0.17 -0.00 + 0.10 0.06 + 0.09 
0.05 + 0.04 -0.10 ± 0.06 -0.07 ± 0.05 
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which are a function of egg production. About 20 percent 
of the variance in egg production would be due to dominance 
and to other nonadditive genetic effects. Egg mass and 
the efficiency index seemed to be more influenced by non-
additive genetic effects than the egg weight/body weight 
ratio. In the latter case these effects seem to be negli­
gible . 
The heritability estimates from the sire and dam compo­
nents of variance could also be affected by the amount of 
selection between sires and dams. Greater selection pressure 
can be applied in sire selection than for dam selection be­
cause fewer sires are needed for reproducing the lines. 
Hence, the variability between sires would be less than the 
variability between dams causing heritability estimates from 
the dam component to be larger than the sire component esti­
mate. The standardized selection differential per generation 
for Pj egg production was about 0.25 units greater for the 
males than for the females in Lines A and J (Table 43). 
Even greater differences between the sire and dam body 
weight selection differentials were found for the body 
weight lines (Table 26). The sire component heritability 
estimates for body weight averaged l6 percent less than the 
dam component estimates in a highly heritable trait (Appendix 
Table 76). However, and P,p are the traits that show the 
largest differences between the dam and sire estimates of 
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Table 43. Selection differentials in standard deviation 
units for part-record rate of egg production 
Leghorn A Fayoumi J 
Generation Males Females Mean Males Females Mean 
0 0 .52 0.53 0.53 0.03 0.36 0.20 
1 1.27 0.69 0.98 1.08 0.58 0.83 
2 1.30 0.73 1.02 0.91 0.53 0.72 
3 1.00 0 .83 0 .92 1.16 0.96 1.06 
4 0.99 0.97 0.98 1.50 0 .86 1.18 
5 1.05 0.55 0 .80 1.04 0.67 0.86 
6 1.02 0.78 0.90 -0.05 -0.04 -0.05 
7 0 .86 0.69 0.79 
8 0.60 0.48 0.54 
9 0.97 0.52 0.75 
10 0.74 0.62 0.68 
Sum 10.32 7.39 8 .89 5.67 3.92 4.80 
Average/ 
Generation 0.94 0.67 0.81 0.81 0.56 0.69 
heritability. They are lowly heritable traits and therefore 
the effect of selection is small. Furthermore, heritability 
is estimated from the progeny one generation after selections 
are made and therefore due to genetic segregation some of the 
genetic variance would be restored. It would seem that the 
differences in the amount of selection between sires and 
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dams may have a small effect on the differences between the 
two heritablllty estimates. 
Selection differentials in standard deviation units (CT) 
for egg production are given in Table 43. The average 
selection differential per generation was 0.81 in Line A 
and 0.69 in Line J. The selection differential for Line J 
in generation six was essentially zero because selection 
was relaxed and no attempt was made to select high egg pro­
ducers. The selection differentials were larger for the 
males even though they were selected on their full sisters' 
performance. The realized heritability of rate of egg pro­
duction was calculated by regressing the deviation in rate 
from the RCC control on the nonstandardized cumulative 
selection differential. The egg production rates were 
corrected for inbreeding before the realized heritabilities 
were estimated. Figure 21 shows the regression lines. The 
realized heritabilities were 7 and 3 percent for Lines A 
and J, respectively. That for Line A was statistically 
significant. The realized heritability estimates of 7 and 
3 percent were in fair agreement with the sire component 
estimates of 1 and 5 percent shown in Table 37 for the egg 
production Lines A and J. 
Genetic and phenotypic correlations 
The phenotypic correlations between egg production 
and 32 week body weight are given in Table 44. All correla-
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Cumulative selection differential 
Figure 21, Realized heritabilities in the egg production 
lines 
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Table 44. Phenotypic correlations and estimated (E) and 
realized (R) genetic correlations of part-record 
egg production with 32 week body weight 
Selection 
criteria Line 
Phenotypic 
correlations 
Genetic 
correlations 
: R 
Body weight 
B 
C 
K 
-0.03 
0.16 
-0.07 
-0.08 
0.38 
0.33^ 
-0.38 
0.09 
-1.02 
Egg weight 
D 
E 
L 
•0.05 
0.14 
0.05 
-0.31 
0.48& 
0 .26  
Egg production 
A 
J 
0.05 
0.01 
0.15 
0.09 
-0.42 
0.06 
Body weight and 
egg weight 
P 
G 
0.01 
0.11 
0.05 
0.15 
Mean 0.04 0.15 -0.33 
^Estimated from the dam component of variance. 
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tions were small and positive except those for the large 
body Lines B and K and the large egg Line D. Results were 
similar to those given in the section for housing body 
weight. Population parameter and realized genetic correla­
tions between production and body weight are also given in 
Table 44. The genetic correlations were estimated from 
full-sib correlations. In all cases the realized genetic 
correlations were more highly negative than the population 
parameter estimates. Thus, the realized genetic correla­
tion between production and body weight was more strongly 
negative than predicted from the population parameter esti­
mates obtained from an analysis of covariance. 
The phenotypic and genetic correlations of egg pro­
duction with 32 week egg weight is presented in Table 45. 
The phenotypic correlations were all close to zero. Correla­
tions were negative for the large egg Lines T), L and G and 
Line J. Genetic correlations were estimated from full-albri 
except for Lines K and E where the dam component was used. 
The latter was necessary because tlie sire variance component 
estimate for egg production wa.s negative. The genetic 
correlations for Lines K and E seem to be overestimated 
when compared to those from the other eight lines. The 
estimated genetic correlations ranged from -0.33 to O.O9 
ignoring those for Lines K and E. The realized genetic 
correlations are also given in Table 45. These were all 
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Table 45. Phenotyplc correlations and estimated (E) and 
realized (R) genetic correlations of part-record 
egg production with 32 week egg weight 
Selection 
criteria Line 
Phenotypic 
correlations 
Genetic 
correlations 
Body weight 
B 
C 
K 
0.02 
0.03 
0.01 
0.04 
0.09 
0.33^ 
Egg weight 
D 
E 
L 
-0.05 
0.07 
•0.02 
-0.33 
0.66* 
-0.08 
-0.79 
-0.47 
•1.59 
Egg production 
A 
J 
0.01 
-0.02 
0.04 
-0.12 
-0.05 
0.01 
Body weight and 
egg weight 
P 
G 
0.01 
-0.01 
-0.26 
-0.02 
Mean 0.01 0.04 -0.59 
^Estimated from the dam component of variance. 
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highly negative in the egg weight lines. The realized 
genetic correlations were close to zero in both of the egg 
production lines. The correlation between egg production 
and p •' , weight was consistently more negative than indi­
cated by the population parameter estimates. 
The phenotypic and genetic correlations of Pj egg pro­
duction with Pj egg production are given in Table 46. The 
former ranged from 0.43 to 0.60. The latter were larger 
and above 0.60 except for Line F. The genetic and pheno­
typic correlations of P^ egg production with body weight and 
egg weight are also given in Table 46. The results were 
similar to those shown in Tables 44 and 45 for Pj egg pro­
duction. 
The genetic correlations estimated from the sire and 
dam components of variance for P^ egg production with body 
weight and egg weight, for Pgi egg production with body weight 
and egg weight and for Pj with P^ egg production are presented 
in Table 47. The correlations varied more between lines than 
did the full-sib estimates. For example, in the case of P^ 
egg production with body weight, the genetic correlations 
estimated from the sire components ranged from -0.83 to 0.44 
for Lines D and L, respectively, each selected for high egg 
weight. Because of other inconsistencies found in the sire 
and dam component estimates of the genetic correlations, 
these were considered less reliable than the full-sib esti­
mates. • 
Table 46. Phenotypic and genetic correlations (full-sib estimates) of full-
record rate of egg production (Pm) with part-record rate of egg pro­
duction (Pi), 32 week body weight (BW) and 32 week egg weight 
Pip with P]_ Ptp with BW Pfp with EW 
Lines Phen.^ Qen.^ Phen.®" Qen.^ Phen.®" Gen.^ 
Body weight 
B 0.55 1.02 -0.04 0.07 0.02 0.09 
C 0.59 0 .83 0.l4 0.23 0 .06 0 .01 
K 0.48 0.92® -0 .05 -0 .10 -0 .03 -0.14 
Egg weight 
D 0.06 0.79 -0 .05 -0 .26 -0 .02 -0 .15 
E 0.59 0.82® 0.13 0 .31 0 .08 0 .35°  
L 0.43 0.63 0 .02 0 .07 0 .00 -0 .13 
I-" 
ro 
cr\ 
^Phen. = phenotypic correlation. 
'^Gen. = genetic correlation. 
^Estimated from the dam component of variance. 
Table 46. (Continued) 
Pip with Pip with BW Pip with EVJ 
Lines Phen.^ Gen. Phen.& Gen.^ Phen.^ Gen.^ 
Egg production 
A 
J 
Body weight and 
egg weight 
P 
G 
Mean 
0.50 0.92 
0.48 0.62 
0.49 0.49 
0.53 0 .63 
0.52 0,77 
0.05 0.07 
0.02 0.02 
-0.04 -0.07 
0.11 0.25 
0.02 0 .06 
0.06 0 .18 
-0.04 -0.06 
0.04 0.16 
0.07 0.21 
0.02 0.05 
Table 47. Genetic correlations estimated from the sire and dam components of 
variance 
Traits correlated^ 
Lne 
Pi  X BW Pi X EW Pi  X PT Pip X BW Pgi X EW 
Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam 
A 0 .18 0 .12 0 .02 0.04 0.92 0.92 -0 .16 0 .16 0.48 0.63 
B -0 .22 0 .08 -0.14 0.20 0 .60 1.33 -0 .21 0 .27 0 .07 0.4l 
C 0.32 0.46 0.07 0.13 1 .10 0 .65 0.21 0.24 0.19 0.77 
D -0 .83 -0 .09 -1.10 -0.03 0.81 0.78 -0 .68 -0.09 0.38 0.35 
E 0.48 0.66 0 .82 0.31 0.66 0.64 
P 0.31 -0 .23 0.32 -1 .25 0 .27 0 .92 -0 .19 0 .03 0 .38 0 .82 
G 0 .15 0.14 0.05 -0 .07 0 .62 0 .63 -0.14 0.40 0.55 0.72 
J 0 .28 -0.01 0.05 -0 .22 0 .76 0.55 -0.03 0.07 0.33 0.56 
?! a part-record rate of egg production, 
Pm = full-record rate of egg production, 
Bw = 32 week body weight, 
EW =5 32 week egg weight. 
Table 47. (Continued) 
Traits correlated^ 
X BVJ X EVJ ?! X P^ X BW P^ x EW 
Line Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam 
K 0.33 0.33 0.92 -0.19 -0.05 0.38 0.97 
L 0.44 0.08 0.12 -0.44 0.99 0.35 0.00 0.15 0.35 -0.21 
Mean 0.08 0.l4 -0.08 -0.07 0.76 0.79 -0.15 0.15 0.38 0.57 
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Direct and correlated responses 
All direct and correlated responses were adjusted to 
account for the use of Osborne's index (1957a, 1957b) which 
weights the separate contributions of the individual's 
record (for females only), its dam family average and the 
sire family average. The predicted amount that the index 
should increase the response over mass selection for the 
females and for selection of males based on a full-sister 
average, is given in Table 48. For egg production, the 
use of Osborne's index is expected to increase the response 
by 33 percent. The predicted Increase in the response in 
egg mass and efficiency averaged 30 percent, while that for 
the egg weight/body weight ratio, being more highly heritable 
than the other three traits, was less (11 percent). 
The expected direct response from selection on egg 
production when the selection differential vjas equal to one 
^ is given in Table 49. A selection differential equal to 
one ^ is equivalent to selecting the best 38 percent. 
Heritabilities based on the sire component were used be­
cause they were estimated with the smallest bias and small­
est standard errors. 
The estimated response in P^ egg production was 1.43 
percent per generation ignoring possible inbreeding depres­
sion effects. This amounted to only 0.08 ^ when averaged 
over all 10 selected populations. The estimated response 
Table 48. Relative selection efficiency of an index using 
information from the individual, dam family 
average and sire family average compared to mass 
selection for females and selection on dam family 
information for males 
Line 
Trait selected A B 
Part-record rate 
of egg production 
Females 1.48 1.26 1.36 1.38 
Males 1.29 1.19 1.22 1.25 
Mean 1.39 1.23 1.29 1.32 
Egg mass 
Females 1.41 1.27 1.37 1.20 
Males 1.28 1.23 1.29 1.17 
Mean 1.35 1.25 1.33 1.19 
Egg weight/body 
weight ratio 
Females 1.09 1.11 1.13 1.05 
Males 1.06 1.10 1.11 1.05 
Mean 1.08 1.11 1.12 1.05 
Efficiency 
index 
Females 1.41 1.27 1.37 1.20 
Males 1.28 1.23 1.29 1.17 
Mean 1.35 1.25 1.33 1.19 
Line 
E F G r k L Mean 
1.25 1.73 1.35 1.42 1.23 1.46 1.39 
1.17 1.54 1.25 1.25 1.24 1.34 1.27 
1.21 1.64 1.30 1.34 1.24 1.40 1.33 
1.31 1.49 1.42 1.37 1.25 1.28 1.34 
1.23 1.38 1.30 1.23 1.27 1.23 1.26 
1.27 1.34 1.36 1.30 1.26 1.26 1.30 
1.10 1.17 1.10 1.09 1.18 1.04 1.11 
1.09 I.l4 1.08 1.05 1.22 1.05 1.10 
1.10 1.16 1.09 1.07 1.20 1.05 1.11 
1.30 1.49 1.42 1.37 1.25 1.28 1.34 
1.23 1.38 1.30 1.23 1.27 1.23 1.26 
1.27 1.44 1.36 1.30 1.26 1.26 1.30 
Table 49. Expected direct response from selection for part-record rate of egg 
production, E(DR), and correlated responses, E(CR), from Osborne's 
index selection when the standardized selection differential for pro­
duction equals one 
a E(CR)^ 
Line E(DR) PJ BW IW EW/BW ËR lîT 
Body weight 
B 0.68 1.31 -0.01 0.02 0.02 0.63 0 .25 
C 0.74 0.61 0.02 0.05 -0 .13 0.79 0.59 
K 2.90 2.58 0.04 0.28 -0.04 0.00 0.16 
Egg weight 
D 0.48 0.36 -0.03 -0.17 0.06 0.24 0.38 
E 0.69 0.00 0.03 0 .31 -0 .08 0 .27 0.00 
L 2.33 1 .51 0.04 1 0
 
H
 
0
 
-0 .20 1.40 0.54 
&Part-record rate of egg production {^). 
^Pm = full record rate of egg production (#), 
Bw = 32 week body weight (lb), 
EW = 32 week egg weight (gm), 
EW/BW = gm of egg per pound of body weight, 
EM = egg mass (gm of egg produced per day), 
Eff = efficiency index (gm of egg produced per day per lb of body weight). 
Table 49. (Continued) 
Line E(DR)* Pt BW 
E(CR)® 
ËW ÈW/BW w •ETF 
Egg production 
A 0.26 0.55 0.01 0.02 -0.04 0.34 0.12 
J 1.13 1.00 0.01 -0.09 -0.09 0.63 0.34 
Body weight and 
egg weight 
P 2.45 1.22 0.01 -0.34 -0.12 1.00 0.30 
G 2.59 1.17 0.02 -0.02 -0.1? 1.08 0.68 
Mean 1.43 1.03 0.01 -0.04 -O.OB 0.64 0.34 
Mean/@ 0.08 0.06 0.03 0.00 -0.04 0.0? 0.07 
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In Lines A and J selected for egg production was only 0.26 
and 1.13 percent per generation, respectively. For single-
trait selection lines the expected direct responses were 
less in the Leghorns (Lines A, B, C, D and E) than in the 
Payoumis (Lines J, K and L). This suggests that the Leg­
horn breed has been under intense selection for egg pro­
duction for a longer time than the Payoumi. Consequently 
there would be less additive genetic variance available. 
On the other hand, the expected direct responses for the 
two-trait Leghorn Lines F and G were similar to those in 
the Payoumi Lines K and L. 
The expected correlated responses, E(CR), from selection 
on egg production are also given in Table 49. Heritability 
estimates from the sire component of variance and genetic 
correlations estimated from the full-sib components were 
used in the calculations. For genetic correlations the full-
sib estimates appeared to be more reliable than the sire or 
dam component estimates. 
The estimated increase in the full-record rate of egg 
production based on the average over all ten selected popu­
lations, was 1.03 percent from selection on the part-record. 
The increase in full-record rate was less than that for the 
part-record for all lines except A and B. The expected 
increase in part-record egg number was approximately one egg 
from direct selection while that for the full-record egg 
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number was three eggs as a correlated response from selec­
tion on the part-record. This expectation is based on the 
egg production records averaged over all Unes for a laying 
period of 12 weeks for the part-record and 46 weeks for 
full-record; this corresponds to the actual conditions 
under which the data were collected. Thus, the expected 
correlated response in a full-record of 20 to 66 weeks 
includes the gains expected in the part-record (20 to 32 
weeks) as well as the gains in the succeeding period (32 to 
66 weeks). These results simulate what actually happened in 
Line A selected for egg production. The estimated in­
crease in the part-record rate was 0.80 percent per genera­
tion and that for the full-record was 0.57 percent per gen­
eration if selections are based on Osborne's index and the 
data are corrected for inbreeding depression effects. Values 
given in Table 49, however, were not corrected for inbreeding. 
The actual increases observed in Line A agree closely to the 
means in Table 49, The correlated gain in the full-record 
way about 70 percent of the gain in the part-record for both 
the observed and expected results. 
The predicted correlated response in body weight and 
egg weight was essentially zero from selection on egg 
production. The realized genetic correlations were more 
highly negative than the full-sib population parameter esti­
mates of the genetic correlations in the lines where it was 
137 
possible to estimate the realized genetic correlations of 
egg production with body weight and egg weight. Hence, 
the expected correlated responses in body weight and egg 
weight would be negative if the realized rather than 
population parameter estimates of the genetic correlations 
were available and used for every line. Egg mass and the 
efficiency index were both expected to increase by 0.07 ^ 
from selection for egg production. 
Direct and correlated responses from selection for egg 
mass are given in Table 50. The selection differential for 
egg mass was assumed to be one ? for both males and females. 
The expected direct response in egg mass, averaged over the 
10 selected lines, was 1.07 grams of egg produced per day or 
0.11 n. The expected responses in the Payoumi Line K were 
zero because the egg mass heritability estimate was zero. 
The expected increases for and P,p egg production were 
1.1 and 0.9 percent, respectively, from selection for egg 
mass. The expected Increase in egg weight was 0.11 In­
creases were expected in both egg production and egg weight 
in spite of the negative genetic correlations between the 
two traits. The expected increase in body weight averaged 
over the ten lines was 0.04 pounds. The egg weight/body 
weight ratio was expected to decrease in all lines except 
Lines B and K (large body) and Line D (large egg). The 
expected correlated increases in the efficiency index 
Table 50. Expected direct response from selection for egg mass, E(DR), and 
correlated responses, E(CR), from Osborne's index selection when the 
standardized selection differential for egg mass equals one 
_ E(CR)b 
Line E(DR) BW EW EW/BW Ëff 
Body weight 
B 1.25 1.14 1.28 0.00 0.38 0 .09 0.48 
C 2.12 1.61 0.86 0.05 0.66 -0.03 1.47 
K 0.00 0.00 0.00 0.00 0 .00 0.00 0.00 
weight 
0.16 0,24 D 0.20 -0 .01 0 .03 0.05 0.21 
E 0 .28 0.55 0.00 0.02 0 .34 -0 .10 0.00 
L 1.76 2 .08 1.28 0.04 0.39 -0.09 0.55 
a 
b 
Egg mass in terms of gm of egg produced per day. 
P, = part-record rate of egg production 
Pip = full-record rate of egg production {%), 
BW = 32 week body weight (lb), 
EW = 32 week egg weight (gm), 
EW/bW = gm of egg per pound of body weight, 
Eff = efficiency index (gm of egg produced per day per lb of body weight). 
Table 50 (Continued) 
a E(CR)^ 
Line E(DR) BW EW EW/BW ËTT 
Egg production 
A 1.16 0.63 1.45 0.06 0.58 -0.12 0.40 
J 1.04 1.33 1.11 0.04 0.46 -0.01 0.45 
Body weight and 
egg weight 
F 1.63 1.32 1.13 0.08 0.79 -0.06 0.15 
G 1.28 2.13 1.14 0.07 0.64 -0.15 0.55 
Mean 1.07 1.10 O.85 0.04 0.43 -0.04 0.43 
Mean/a 0.11 O.O6 O.O5 O.O7 0.11 -0.02 O.O8 
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(I.e., egg mass divided by body weight) were 0.43 grams of 
egg produced per pound of body weight. 
Table 51 presents the direct and correlated responses 
from selection on the egg weight/body weight ratio. The 
expected direct response was equal to 0.47 " per genera­
tion. Expected declines in both and P,p egg production 
were small in most of the selected populations from selec­
tion for the egg weight/body weight ratio. The expected 
correlated response in body weight was markedly negative 
averaging -0.03 whereas egg weight increased 0.08 
Egg mass decreased except in Lines B and K (large body) and 
Line D (large egg) from selection for the egg weight/body 
weight ratio. The average increase in the efficiency 
index was 0.12 
The expected direct response from selection for the 
efficiency index and correlated responses for one unit of 
the standardized selection differential for the efficiency 
index are presented in Table 52. The average increase based 
on all selected lines was 0.74 grams of egg produced per day 
per pound of body weight. 
The heritability estimate of the efficiency index in 
Line E was zero, therefore all expected direct and correlated 
responses were zero. Both and Pip egg production were 
expected to increase in all lines. Body weight was expected 
to decrease about 0.12 This is the largest change in any 
Table 51. Expected direct response from selection for the egg weight/body weight 
ratio, E(DR), and correlated responses, E(CR), from Osborne's Index 
selection when the standardized selection differential for the ratio 
equals one 
« E(CR)^ 
Line E(DR) Pj BW EW EM 1T7 
Body weight 
B 0.57 0.19 0 .00 -0 .15 0 .80 0.57 0.52 
C 1 .58 -0 .67 -0.45 -0 .08 0 .87 -0 .06 0.77 
K 0.37 -0 .55 0 .00 -0 .13 0 .18 0 .00 0 .10 
weight 
1 .36 D 0.29 0.33 -0 .25 0 .38 0 .26 1 .09 
E 0.92 -0 .53 0 .00 -0 .16 -0 .23 -0 .30 0 .00 
L 1 .15 -1.04 -0.49 -0 .20 0.73 -0.31 0.64 
^Gm of egg per lb of body weight. 
b 
= part-record rate of egg production (%), 
Pip = full-record rate of egg production 
BW = 32 week body weight (lb), 
EW = 32 week egg weight (gm), 
EM = egg mass (gm of egg produced per day), 
Eff = efficiency index (gm of egg produced per day per lb of body weight) 
Table 51. (Continued) 
Line E(DR)* BW EW EM Eff 
Egg production 
A 1.29 -0.21 0.08 -0.01 -0.04 -O.3O 0.77 
J 1.02 -0.49 -0.29 -0.15 0.49 -0 .02 0 .65 
Body weight and 
egg weight 
P 0.60 -1 .06 0 .78 -0 .17 0.14 -0.34 0.54 
G 1.44 -0 .86 -0 .53 -0 .20 -0.04 -0.39 l.l4 
Mean 1.03 -0.49 -0.06 -O.15  0.33 -O.O9 0.62 
Mean/a 0.47 -0.03 0.00 -O.3O O.O8 -0.04 0.12 
Table 52. Expected direct response from selection for the efficiency Index, 
E(DR), and correlated responses, E(CR), from Osborne's index selec­
tion when the standardized selection differential for the efficiency 
index equals one 
a E(CR)^ 
Line E(DR) BW EW EW/BW M 
Body weight 
B 
C 
K 
Egg weight 
D 
E 
L 
0.61 0 .26 2.33 -0 .06 0.83 0 .23 1.33 
1.64 1.48 0 .86 0 .00 0.46 0 .38 1.79 
0.04 0 .63 0 .63 -0 .01 0 .01 0 .03 0 .00 
1 .11 1 .02 0 .83 -0.13 -0 .18 0.59 0 .58 
0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
0 .81 1.32 0.92 -0 .05 0 .20 0.30 0.90 
^Efficiency index = gm of egg produced per day per lb of body weight, 
= part-record rate of egg production 
Pm = full-record rate of egg production (jé), 
BW = 32 week body weight (lb), 
EW = 32 week weight (gm), 
EW/BW = gm of egg per lb of body weight, 
EM = egg mass (gm of egg produced per day). 
Table 52. (Continued) 
a, E(CR)^ 
Line E(DR) "TJ PJ BW EW EW/BW EM" 
Egg production 
A 0.77 0.55 1.44 -0.08 0.00 0.50 0.72 
J 0.68 1.15 1.07 -0.05 0.10 0.35 0.73 
Body weight and 
egg weight 
P 0.55 1.41 0.81 -0.11 -0.17 0.32 0.55 
G 1.22 1.97 1.27 -0.09 -0.04 0.63 0.79 
Mean 0.74 I.08 1.02 -O.O6 0.12 0.33 O.74 
Mean/)? O.13 0.06 0.06 -0.12 0.04 O.15 0.07 
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of the components of the efficiency index (egg production, 
body weight and egg weight). Less emphasis would have to 
be placed on body weight in an efficiency index if equal 
pressure were applied to these three components of 
efficiency. 
Genetic correlations necessary to calculate the 
correlated responses, in addition to those shown in Tables 
44, 45 and 46 are presented in Appendix Table 84. Pheno-
typic correlations are also shown in Table 84. 
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DISCUSSION 
The Measure of Condition 
Body weight can be thought of as determined by skeletal 
size or framework and the amount of muscle and fat. The 
latter is called fleshing or condition. Shank length has 
been used as a measure of skeletal size (Lerner, 1937; Jaap 
and Thompson, 1940). In the present study, the body weight/ 
shank length ratio was used as a measure of condition as 
proposed by Norclskog and Briggs (1968). They hypothesized 
that shank length or skeletal size would be, to a large 
degree, genetically determined whereas the amount of fleshing 
or condition would be largely determined by differences in 
management and feeding practices and hence would be largely 
environmentally determined. 
The average heritability estimates of the selected 
lines in this study were 0.44, 0.39 and 0.49 for shank 
length, the condition index a,nd housing body weight, respec­
tively. If condition were mainly determined by environmental 
factors, the heritability should be near to zero and body 
weight, being a function of skeletal size and condition, 
should have a heritability between that for shank length 
and condition. Since all lines were treated in a nearly 
identical manner during the growing period, it would seem 
that each line should have approximately the same condition. 
The body weight/shank length ratio means varied from 0.34 
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Tor the Leghorn small body line to 0.52 for the Leghorn large 
body line. The correlations of the condition index mean:; 
with the body weight means was 0.99 based on all the lines. 
Hence, it is evident that the body weight/shank length ratio 
estimates the same effects as body weight itself. Therefore, 
the body weight/shank length ratio seems not to be an entirely 
adequate objective measure of condition. A reasonable test 
for a useful condition measure might be that all lines 
exposed to similar environment should have approximately the 
same condition mean even though they differ widely in body 
weight. Body weight can be thought of as a volume measurement 
and shank length a linear measure. Linear measurements from 
objects of similar shape or conformation vary according to 
the cube root of volume. Hence, the body weight/shank 
length ratio would seem to be a better measure of condition. 
This will be called the condition index (Cl) in the remainder 
of this discussion. The CI line means were found to be 
closely similar for all ten lines; they varied from 0.l8 to 
0.19.  
Jaap (1938) proposed the ratio of shank length to the 
cube root of body weight as a measure of shape or conforma­
tion of a bird. Good agreement between subjective fleshing 
scores and the reciprocal of the CI measurement (l/Cl) has 
been reported in turkeys (jaap, 1938). In a second study 
on chickens, differences in the mean l/CI were correlated 
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with differences in the ratio of edible flesh to dressed 
weight (Jaap, 1941). This suggests that CI may be a useful 
measure of condition. On the other hand, Frischknecht and 
Jull (1946) concluded that this ratio was not a good measure 
of breast meat quantity. Thus, the value of this ratio as 
a measure of condition is not yet definitely established. 
From an analysis of variance between full-sib groups 
and within full-sib groups, most of the variation in l/CI 
was found between groups, hence this ratio has a heritable 
basis (Jaap and Thompson, 1940). The heritability of CI was 
O.OB averaged over the selected populations used in our 
study. Condition seems to have a small heritable basis 
assuming that CI is a valid estimate of condition. This 
would seem to be in agreement with the suggestion by Nordskog 
and Briggs (1968) that the condition of a flock should be 
mainly determined by environmental factors, although they 
referred to factors such as management and feeding practices 
(macro-environmental effects), Within a flock these macro-
environmental differences would normally not be present. 
Thus, the differences in condition between flocks would be 
due almost entirely to macro-environmental effects whereas 
differences within a flock would be due to micro-environmental 
effects and to a lesser degree, genetic differences. From 
this overall point of view, Nordskog and Briggs' suggestion 
is compatible with Jaap's work and our study but perhaps 
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only valid within breeds. Jaap and Thompson (1940) reported 
breed differences in l/CI under the same management practices. 
Jaap's interest in l/CI was specifically as a measure 
of body shape. This ratio would be a valid measure of body 
shape only if the relative growth of the shank were the same 
as the relative growth of body weight corrected for dimen­
sions (Lerner, 1941). Lerner (l94l) pointed out that shank 
length is not isometric with body weight. Thus, age dif­
ferences will affect the ratio and should be taken into 
account if interest is primarily in a conformation measure. 
In our study we are concerned with condition per se and not 
particularly conformation or body shape. Hence, Lerner's 
criticism seems not to be relevant to condition measured on 
birds of the same age. 
Additional work would be required to test whether CI is 
a valid and useful measure of condition. Differences in 
condition may be caused by differential flesh and fat depo­
sition abilities of the individual birds. The CI measure of 
condition proposed here, as well as other alternatives, could 
be studied in relationship to percent lipid of deboned car­
casses and perhaps other carcass measurements that reflect 
differences in flesh and fat deposition. Such studies might 
lead to a truer measure of condition in the live bird. This 
would then make it possible to more accurately determine the 
effect of condition on egg production and on other econom­
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ically important characters. Such a condition index might 
also have application in the breeding of meat-type fowl. 
Intermediate Optima 
Intermediate phenotypes usually have superior reproduc­
tive capacity (Fisher, 1930). Therefore, artificial selection 
for extreme phenotypes of traits such as body weight is 
expected to lower reproductive fitness. The correlated 
responses in reproductive fitness from the earlier genera­
tions of this selection experiment for body weight and egg 
weight have been summarized by Wehrli (1964) and Verghese and 
Nordskog (1968). The main question is whether the decline in 
fitness from selection for body weight and egg weight is due 
to a change in the population mean per se (metric deviation 
model) or to decreased heterozygosity at loci affecting the 
selected trait (homeostatic model). The early reports did 
not conclusively rule out either model of fitness decline, 
although the homeostatic model seemed to be more compatible 
with the observed results. 
The present study again demonstrates intermediate optima 
in body weight and shank length for egg production. Because 
year and line effects were removed before fitting the data 
to the model, the statistically significant quadratic 
effects were, largely independent of inbreeding and selec­
tion generation effects. Whether the significant quadratic 
effects within lines and generations were due to differences 
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in the metric traits per se or to differences in homozygosity 
at loci affecting the traits still remains a matter of 
speculation which has been adequately discussed by Wehrli 
(1964) and Verghese and Nordskog (1968). 
Egg mass is probably a better single measurement of 
total productivity than is egg production rate or egg numbers. 
Egg mass is a function of both a major fitness component 
(egg production) and a minor fitness component (egg weight). 
A major fitness component is one closely related to fitness, 
has little additive genetic variance and is subject to in­
breeding depression and heterosis. A minor fitness component 
has a slight effect on fitness, has more additive genetic 
variance and is less subject to inbreeding depression and 
heterosis (Robertson, 1955). It would seem that egg mass 
would fall between these two extremes. High egg mass tended 
to be correlated with longer shanks and there was little 
evidence for an intermediate optimum shank length whereas 
egg production did have an intermediate optimum shank length. 
There was evidence for an intermediate optimum body weight 
for egg mass. Egg mass tended to be more linearly related 
to linear size (shank length) than to "volume" size (body 
weight). Thus, birds with the largest bone framework should 
have the capacity to produce more egg mass. A large skeleton 
lowers egg mass only a little but large body weight which is 
a function of both skeletal size and fleshing is not compat­
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ible with high egg mass. 
It has been shown that lines which differ widely in a 
metric trait such as body weight may have widely differing 
genetic parameters. For example, the genetic correlation 
between body weight and egg production changes from positive 
to negative as body weight increases. Thus, the genetic 
correlation estimated from a population, without additional 
information on certain population means such as body weight 
and without past genetic history, may not be too meaningful 
or useful. Furthermore, in constructing selection indices 
the genetic relationship between traits should be reviewed 
regularly to account for changes that take place during the 
course of selection. A breeder may start a selection project 
with an index closely attuned to the parameters of the popula­
tion and which permits effective selection but if the genetic 
parameters are not changed in the index as the population 
changes, selection may lose much of its effectiveness. 
Body Weight and Egg Weight Selection 
Body weight and egg weight are both economically 
important traits. Commercial breeders favor small bodied 
birds laying large eggs at a high rate of production. Hence, 
experiments concerned with direct and correlated responses 
from selection for body weight and egg weight should be of 
interest to them. The present study supplies this informa­
tion from fairly large selected populations along with a 
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control population to check environmental trends. 
This investigation was based on 11 generations of a 
selection experiment of which the first six generations were 
summarized by Besting and Nordskog (I967) in a preliminary 
report. The response in the latter five generations of the 
experiment followed essentially the same pattern developed 
in the first six generations. Since the consequences of the 
early selection have already been discussed in the preliminary 
report, only a brief discussion will be presented here. 
Asymmetrical responses were observed in the direct 
effects of two-way selection for egg weight in Lines D and 
E. Also the correlated responses for egg weight in Lines B 
and C and those for body weight in Lines D and E proved to 
be asymmetrical. In all cases, the response, whether direct 
or correlated, was less in the line selected upward than 
downward. This asymmetry is explainable on two hypotheses. 
First, if the frequencies for genes influencing the trait 
upwards are greater than 0.5, the additive genetic variance 
would decline more rapidly with upward than downward selec­
tion. However, since the estimates of heritability for body 
weight and egg weight were only slightly Igwer in the up 
lines lends little support to this hypothesis. A second 
hypothesis is that asymmetrical responses to natural selec­
tion contributes to the observed asjTTimetrical response to 
artificial selection. Using a fitness index based on 
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hatchability, fertility, hen-day egg production and offspring 
survival to breeding age Wehrli (1964) showed that the upward 
selected lines declined more in fitness than the downward 
selected lines. Hence, natural selection may oppose arti­
ficial selection more in upward selection than in downward 
selection. 
Realized heritabilities were also asymmetrical being 
larger in the lines selected downward. This could be 
accounted for by the two hypotheses discussed above. 
One shortcoming of the present study as well as the 
preliminary study of Pasting and Nordskog (1967) was that 
expected selection differentials rather than realized selec­
tion differentials were used in the calculations of realized 
heritability. Realized selection differentials could have 
been estimated by weighting the sire and dam averages 
according to the number of offspring produced. Thus, if 
natural selection favors small body size, the selection 
differentials used for the lines selected upward may be biased 
upwards. This would cause the realized estimates to be biased 
downward. A prr;;.i.niinary survey of the data showed that al­
most all selected males produced at least some progeny that 
reached breeding age and approximately 90 percent of the 
selected females produced progeny that reached breeding age 
in both the up and down selected lines. Falconer (196O), 
comparing the expected and realized selection differentials 
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in mice selected for high and low body weight over a 20 gen­
eration period, found little difference. The realized 
selection differential per generation was slightly less 
than the expected in both up and down body weight selection. 
Therefore it seems doubtful whether the use of the expected 
selection differentials would have affected the results 
importantly. 
Prom a simulated selection experiment designed to study 
asymmetrical correlated responses, Bohren £t a^. (1966) con­
cluded that the rate of development of asymmetry was inversely 
related to the number of genes influencing the traits. Prom 
this, Pesting and Nordskog (I967) deduced that the number of 
genes contributing negatively to the covariance between body 
weight and egg weight should be relatively few since 
asymmetrical correlated responses were observed in the early 
generations of selection. 
Of practical importance is the effect of selection for 
body weight and egg weight on the decline in egg production 
and other components of reproductive fitness. The question 
is whether genes for high egg production become lost during 
the course of selection for body weight or egg weight. To 
help answer this question reciprocal crosses were made 
between the high and low body weight and egg weight lines 
after several generations of selection (Casey and Nordskog, 
1971). The egg production of the crosses returned to approxi­
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mately the same level as in the original population. Thus, 
the conclusion was that no permanent genetic loss for high 
rate of egg production occurred after five to nine genera­
tions of selection for body weight and egg weight. 
Realized Versus Parameter Estimates 
Many heritability studies of traits such as body weight, 
egg weight and egg production in chickens, have been based 
on small numbers and usually little consideration has been 
given to the sairpling errors of the population parameters 
estimated. One way to test the validity of heritability 
estimates is to compare the results of an actual selection 
experiment with theoretical expectations using parameter 
estimates. This procedure requires control populations so 
that environmental differences between generations of the 
selected population can be properly assessed.' 
Since the present study included over 30,000 individual 
pedigreed records, the parameters in the population were 
estimated with fairly good precision. Since the populations 
studied have been selected for body weight, egg weight and 
egg production, it was possible to estimate realized herita-
bilities over 11 generations of selection and to compare 
these results with theoretical expectations from population 
parameter estimates. 
The population parameter estimates and realized herita-
bilities did not always show good agreement. The former 
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were nearly the same for the two Leghorn body weight lines 
and also for the two Leghorn egg weight lines. However, 
the realized heritabilities were greater than the population 
estimates in the lines selected downward but equal to or 
less than the population estimates in the lines selected 
upward. Hence, the population parameter estimates seemed to 
be negatively biased when selecting downward but positively 
biased when selecting upward. Possible causes of this 
asymmetry are nonadditive genetic effects, inbreeding 
depression and natural selection. 
Dominance effects of genes could influence the realized 
direct responses assuming that the majority of the loci 
controlling a trait have alleles which affect the character 
in either a plus or minus direction. If the initial gene 
frequencies were about O.5, greater genetic improvement 
would be in the direction influenced primarily by the 
recessive genes (Falconer, I96O/. If small body or egg size 
is recessive to large body or egg size this could explain 
the asymmetrical responses. However, because reciprocal 
crosses between the large and small body and egg size lines 
showed little evidence for dominance effects (Casey and 
Nordskog, 1967), this seems an unlikely explanation for the 
asymmetry. 
Earlier Tolman (1969) investigated the effects of 
inbreeding on body weight and egg weight in the present set 
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of data. For a 10 percent increase in inbreeding body weight 
was expected to decline 0.05 pounds and egg weight 0.6 grams. 
In the latest generation the inbreeding of the body and egg 
weight lines was approximately 20 percent. This would bias 
the realized heritability estimates upward for the small 
lines and downward for the large lines. However, the effect 
of inbreeding on body weight and egg weight seemed to be 
too small to entirely account for the asymmetry. 
Wehrli (1964) found that the lines selected upward in 
this study were less fit reproductively than those selected 
downward. The lower realized heritability estimates in the 
lines selected upward may be partly accounted for because 
natural selection resists upward more than downward selec­
tion. 
The population parameter estimates of heritability in 
this study seem to be validly estimated but predicted gains 
from them should be tempered by such tangible factors as 
the trait under selection, the direction of selection, amount 
of inbreeding, effects of natural selection and perhaps 
others. These factors very probably account for the dis­
crepancies between expected gains from population parameter 
estimates and the realized gains. 
Genetic correlations estimated from actual selection 
responses were compared with the population parameter esti­
mates for body weight with egg weight, egg production with 
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body weight and egg production with egg weight. In general, 
the population parameter estimates between body weight and 
egg weight were in good agreement with the realized estimates 
but this was not true for egg production with body weight and 
egg weight. In the latter case the realized correlations 
were more strongly negative than the population parameter 
estimates. The population parameter estimates were calcu­
lated from variances and covariances estimated within genera­
tions and then pooled over generations. Within a generation 
a particular trait may have little relationship with another 
but when viewed over all the generations of selection the 
correlations may change from selection effects on pleio-
tropic gene frequencies, inbreeding and Increases in the 
population mean per se. Thus, even though there may be 
little covariation between two traits within a generation, 
by selecting for one trait the other may change more than 
expected. 
Selection for Egg Production and Egg Mass 
An excellent review of selection experiments on egg 
production with emphasis on gains in annual egg production 
from selection on part-records has been published by Bohren 
(1970). His study strongly supported the contention that 
selection on the part-record, either number of eggs or per­
cent production, more efficiently increases annual egg pro­
duction than selection on the annual record Itself. The 
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expected selection efficiency is 
h 
E = k Pp JE. 
Gpp hf 
(Searle, 1965) where rg is the genetic correlation between 
2 2 the part and full-record egg production, hp and are the 
heritability estimates of part and full-record egg produc­
tion, respectively, and k is the ratio of the time units 
required per generation for each criteria. Assuming that 
it takes two yeers per generation for full-record selection 
and one year per generation for part-record selection and 
using the mean heritability and correlation estimates calcu­
lated in our study 
E = T (0-77) = 1.26 
.09 
Thus, mass selection on the part-record is expected to be 
26 percent more efficient than full-record selection, based 
on the parameter estimates from our study. This agrees with 
Bohren's (1970) conclusion although he conceded that further 
experimental evaluation of this hypothesis would be desir­
able. Simultaneous selection for both criteria would be 
needed to more completely answer the question. 
The question can be raised as to whether egg production 
changes in the residual period from selection for early 
period egg production. The residual period would extend 
from the end of the early period record to the end of the 
I6l 
full-record production period (full record = early record + 
residual record). Some workers have reported no gains in 
the residual record from early record selection while others 
have observed gains (Bohren, 1970). The results of our 
study indicate that gains will be realized in the residual 
period from selection for early period egg production 
record. Specifically, for every one egg gained in the 
early record (20-32 weeks of age), the residual period pro­
duction (32-66 weeks of age) increased about 2 eggs. 
Selection for egg production as a single trait is of 
little practical value because of expected decreases in egg 
weight as a correlated response. The reverse would also be 
true. Thus, the effects of selection on egg mass would be 
of special interest but this problem has received little 
attention on an experimental level. The heritability of 
egg mass may not be far different from that for egg produc­
tion (Waring efc a^., 1962; Hicks, 1963). In our study 
similar results were found. Approximately half as much 
gain in rate of egg production was expected compared to 
egg weight in terms of standard deviation units from selec­
tion for egg mass. Waring et a^. (1962) showed that the 
opposite was true and Hicks (1963) showed that variations 
in egg production were more important in determining egg 
mass than variations in egg weight. The genetic correlation 
between egg mass and body weight was low and positive in 
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Hicks' study but higher In ours (rg = 0.35). However, this 
difference may be due to the sampling error. Our study is 
based on considerably more data than Waring et al.'s or 
Hicks' work and therefore more confidence in our set of 
answers may be justified. Differences in genetic material 
will also influence results which is demonstrated by the 
large differences between the lines in our study. Clearly 
more work on egg mass would seem warranted in view of its 
economic importance. 
The Measure of Efficiency 
The efficiency of production in animal agriculture, 
being of high economic importance, should be of concern to 
animal breeders in the formulation of the most effective 
selection program. This pertains not only to egg production 
but also to such products as milk, meat and wool. Ordinarily, 
estimates of production efficiency have been related to feed 
consumption such as pounds of feed required to produce a 
pound of meat or a dozen eggs. Such measures are practical 
on a flock or herd basis, but for genetic improvement 
individual or family records would be required. However, 
the labor and facilities required to measure feed consumption 
on a large number of individuals is often prohibitive and 
usually impractical under commercial conditions. Instead, 
measurements such as wool weight per pound of body weight 
in sheep (Turner, 1959) or egg mass per pound of body weight 
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in chickens (Wallace, 1968) have served as estimates of the 
efficiency of feed conversion into yield of product. From 
a multiple regression equation body weight was the single 
most important factor in determining feed consumption 
(French, 1969). The maximum rate of food intake is 
approximately proportional to the three-fourths power of 
body weight (Kleiber, 1936). Hence, the egg mass per pound 
of body weight ratio used in our study should closely 
approximate the egg mass per unit of feed consumed ratio. 
If so, the laborious task of measuring feed consumption 
could be eliminated. 
The largest increases in the efficiency index (egg 
mass per pound of body weight) from selection in this study 
have been in the small body and small egg lines even though 
egg mass declined over the selection period in both lines. 
Hence, the increases in the efficiency index were probably 
due solely to the decreases in body weight. In terms of 
expected responses from selection for the efficiency index, 
the gain in standard deviation units of efficiency was 
approximately equal to the decrease in standard deviation 
units of body weight. On the other hand, the standardized 
increase in egg mass was about half as large as the expected 
change in body weight. Thus, the measure of efficiency used 
in this study is primarily a function of body weight and 
secondarily a function of the product of egg production and 
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egg weight (egg mass). 
By selecting on the egg mass/feed consumption ratio for 
two generations in a White Leghorn population, P. Harris 
(1969) noted a decline in body weight but without a change 
in egg mass. Thus, actual selection on the egg mass/feed 
consumption ratio gave theoretically predictable results 
from selection for the egg mass/body weight ratio: that 
gains in efficiency results primarily from body weight 
reductions. The heritability estimate of the egg mass/ 
feed consumption ratio averaged over two generations was 36 
percent (P. Harris, 1969) while that for the egg mass/body 
weight ratio was considerably less (11 percent) in our 
study. Prom our study variables which include the factor 
of egg production would be considerably lower in heritability 
than that reported by P. Harris (1969) for the egg mass/feed 
consumption ratio. 
The ratio of egg weight to body weight is also related 
to efficiency but since it does not include rate of egg 
production it would not be as useful as the egg mass/body 
weight ratio. The increases in the egg weight/body weight 
ratio observed over generations in all lines, except those 
selected for large body weight, indicates that body size is 
relatively more important in changing the egg weight/body 
weight ratio than egg size. Even In Line E selected for 
small egg size the ratio increased because of the decline 
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in body weight. Per Line G, selected on large egg and 
small body size the ratio over generations increased be­
cause body weight decreased. Hence, if selection was to 
change egg weight and body weight equally, a function which 
places greater emphasis on egg size in the ratio would be 
required. For example, egg weight could be raised to a 
power. The mean heritability estimate of the ratio was high 
(0.47). It seems reasonable to assume that the realized 
gains from selection for larger ratio values would be less 
than expected from the high parameter estimate of herita­
bility because of a physiological upper limit on egg size 
in small bodied birds. 
Additional work is yet needed to find the most accurate 
and useful measure of the efficiency of production. Of 
special interest would be the relationship of different 
efficiency indices to actual profitability. One example of 
this kind of index is used in U.S. random sample poultry 
test summaries as "income over feed and chick costs". 
Multiplicative Trait Selection 
When selection is based on an efficiency index the rela­
tive changes in the component traits, say, percent egg pro­
duction (R), egg weight (EW) and body weight (BW) would not 
be under control. This would also be the case when selec­
tion is for egg mass or for the egg weight/body weight ratio. 
A linear efCiciency index can be obtained from the loga­
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rithmic transformation of the ratio 
log Eff = log lâLiM) = log R + log EW - log BW 
For the following discussion the notation of the log-
transformed index will be 
Eff = ?! + Pg + P3 
where P^ is the negative of log BW. If weights Wg and 
Wg are attached to the terms of the index the changes in 
the component traits can be controlled by the breeder 
(Bohren, 1970) and then the selection index is 
I = W^P2 4- MgPg + 
where I, Pj, Pg and Pg are in logarithmic -units. Alter­
nately, the actual egg production, egg weight and body 
weight observations in the original units could be used 
rather than the logarithmic terms. In either case the 
problem would be to estimate the weighting factors Wj, Wg 
and Wg. Three slightly different approaches are possible. 
The first is to construct a least squares selection 
index (Hazel, 1943). The weighting factors would be derived 
from the usual selection index equations 
[P] [W] = [G] [A] 
where P and G are the phenotypic and genetic variance-
167 
covariance matrix, respectively, A is the vector of economic 
weighting factors and W is the vector of unknown weighting 
factors used in the index. The economic weighting factor a^ 
measures the amount by which net profit changes by in­
creasing Pj_ one unit. These would be difficult to evaluate 
because they are not constant over time or environments. 
Also they may vary nonlinearly. In theory, this approach 
allows gains in net profit to be maximized. The genetic 
gain in the i^^ trait is 
^ ^ i P I - p ry 
Z Coy (Gi I) 
1 
2 
where p is the standardized selection differential and 
Tp T is the correlation between the genetic value of the i^h 
i 
trait and the index. In matrix notation 
[A] = [G] [W] Z/P 
^I 
where A is a vector corresponding to the genetic gains of 
each trait from selection for I. 
A second index selection approach is to hold some 
or linear functions of the G^'s constant but otherwise 
to maximize selection for efficiency. This corresponds to 
the restricted selection index method of Kempthorne and 
Nordskog (1959). For example, if egg size is already of 
optimum market size the efficiency index can be increased 
while holding egg size constant by application of the 
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restricted selection index technique. Estimates of genetic 
and phenotypic variances and covariances and economic 
weighting factors would still be required just as in the 
case of the unrestricted index. A simplified method to 
derive the restricted selection index has been presented 
by Cunningham e;t a^. (1970) • 
The third approach applies to a special situation. 
Suppose that a breeder wishes to specify a priori relative 
gains in the component traits of the index irrespective of 
the estimated economic weighting factors. For example, the 
efficiency index can be increased by holding egg size con­
stant and increasing rate of egg production and decreasing 
body weight. In terms of logarithmic units, percent egg 
production could be increased by 0.05 units for each 0.01 
decrease in body weight while holding egg size constant. 
The weighting factors for the actual index can be derived 
from 
[A] = [G] [W] k 
where the values for the A vector and the genetic variance-
covariance matrix G are known and k is the standardized 
selection differentials divided by , Therefore 
k [W] = [G]"^ [A] 
or in terms of the efficiency index 
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Wi Gov G^Gg Gov G^G^ 
-1 
5 
k W2 = Gov GiGg 
2 rr 
G2 
Gov GgGo 0 
W3 Gov ^1^2 Gov GgG^ "=3 . -1 
and then 
I = + WGPG + W3P3 
The scalar k Is a constant for a specific index and there­
fore can be ignored. The absolute values in the A vector 
are of no consequence, only the values relative to one 
another. Thus, an index is derived which produces the 
desired changes which side-steps the problem of estimating 
the economic weighting factors. This procedure is applicable 
only if the breeder is willing to specify how each trait in 
the index should change relative to the other traits. An 
example of a similar procedure used in the selection for body 
weight at different ages in turkeys is given by Abplanalp e^ 
(1963). 
Influence of Selection on Population Parameter Estimates 
In the long run, selection for a particular trait should 
theoretically decrease its additive genetic variance. No 
declines in heritability were found in this study from 11 
generations of selection for egg production, body weight or 
egg weight. Hence, the parameter estimates from this study 
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would be about the same as expected from a randombred 
population. However, in the preliminary report of this 
selection experiment. Fasting (1964) found that the genetic 
correlations between body weight and egg weight declined 
significantly over generations. Therefore, in the short run, 
selection seems not to affect genetic variance as much as it 
may affect genetic covariances. 
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SUMMARY 
The study Is based on a selection experiment Involving 
seven White Leghorn lines and three Fayoumi lines of chickens. 
Five Leghorn lines were selected for single traits for 11 
generations; Line A selected Cor high egg production, Lines 
B and C selected for high and low body weight, respectively, 
and Lines D and E selected for high and low egg weight, 
respectively. Two Leghorn lines were selected for tvjo traits 
for seven generations; Line F selected for high body weight 
and low egg weight and Line G selected for low body weight 
and high egg weight. Fayoumi Line J, selected for seven 
generations, was a replicate of Leghorn Line A and Fayoumi 
Lines K and L, selected for ten generations, were replicates 
of Leghorn Lines B and D, respectively. In addition, the 
Cornell Randombred Control Line RCC was used the last ten 
generations to correct for environmental trends. The 
breeding population for Lines A and J consisted of l6 sires 
each mated to 7-14 dams while all the other lines were 
produced from 8 sires each mated to 7-10 dams. 
In each of the body and egg weight lines responses to 
selection were Immediate, large and essentially linear. 
Body weight in Lines B and K increased 47 and 63 percent, 
respectively, while body weight in Line C declined 47 per­
cent. Egg weight in Lines D and L increased l4 and 17 per­
cent, respectively, while egg weight in Line E declined 36 
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percent. 
Heritabilities of body and egg weight were calculated 
from the sire and dam components of an analysis of variance. 
In addition, realized heritabilities were calculated for the 
selected traits from the regression of the control-corrected 
generation means on the cumulative selection differential. 
Population parameter estimates of heritability and realized 
heritabilities were: 
p o 
Trait selected Line Estimated h Realized h 
Body weight B 0.33 0.33 
C 0.35 0.43 
K 0.29 0.49 
Egg weight D 0.4l 0.25 
E 0.41 0.59 
L 0.39 0.43 
The realized heritabilities were larger than parameter 
estimates in the lines selected downward (Lines C and E) 
and less than or equal to estimated heritabilities in the 
Leghorn lines selected upward (Lines B and D). Realized 
heritabilities were larger than estimated heritabilities 
in the Payoumi lines selected upward (Lines K and L). Thus, 
the response to selection was asymmetrical for both body 
and egg weight in the Leghorn lines with more progress made 
in downward selection than in upward selection. 
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The correlated response in egg weight from selection 
for high and low body weight was strong as was the correlated 
response in body weight from selection for low egg weight. 
However, selection for high egg weight produced only a 
moderate increase in body weight. 
Correlations between body weight and egg weight were 
estimated from an analysis of variance and covariance. 
Realized genetic correlations were calculated from regression 
of the correlated trait on the selected trait adjusted for 
differences in genetic variance. The estimated and real­
ized genetic correlations were positive and in good agree­
ment, with the correlations being less in the upward selected 
lines. 
Selection for part-record rate of egg production was 
largely ineffective the first eight generations of selection 
for the part-record as well as the full-record. For the 
last three generations in Line A selection improved both the 
part- and full-record egg production. Line J was discon­
tinued after the first eight generations. From the parameter 
estimates of the Line A population, indirect selection on 
part-record egg production was found to be more efficient 
than direct selection on the full-record when measured per 
unit of time. 
Population parameter estimates and realized estimates 
of heritability were also calculated for part-record rate of 
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egg production for Lines A and J. The estimated and realized 
estimates were 0.01 and 0.07, respectively, for Line A and 
0.05 and 0.03, respectively, for Line J. 
Population parameter estimates and realized genetic 
correlations were calculated for body weight with egg produc­
tion and egg weight with egg production. The estimated and 
realized genetic correlations for these traits were generally 
in poor agreement; the realized correlations were more 
strongly negative than the population parameter estimates. 
Three measures of productivity, in addition to rate of 
egg production, were studied: egg mass, the ratio of egg 
weight to body weight and the efficiency index defined as 
the ratio of egg mass to body weight. Egg mass was calculated 
as the product of part-record rate of egg production and 32 
week egg weight. 
Egg mass decreased significantly with selection for small 
and large body. Selection for small eggs also decreased egg 
mass although egg mass did not change from selection for large 
eggs because of the correlated decrease in egg production. 
Likewise selection for high rate of egg production did not 
significantly change egg mass. The ratio of egg weight to 
body weight increased significantly in the small body Line 
C, in the egg weight Lines D, E and L, in the egg production 
Line A and in the two-trait Line G selected for small egg 
and large body. Decreases in the ratio of egg weight to 
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body weight were observed in the large body Lines B and K 
and the two-trait Line F selected for large body and small 
egg. The efficiency index also decreased significantly in 
the large body Lines B, K and P. The only significant in­
creases in the efficiency index were observed in Lines C and 
A selected for small body and high egg production, respec­
tively. 
The heritability estimates for egg mass, the ratio of 
egg weight to body weight and the efficiency index pooled 
over years and averaged over lines were 0.10, 0.4? and 0.11, 
respectively. Egg mass and the efficiency index are both a 
function of egg production; hence, heritability estimates 
for these approximated those for egg production. 
Prom the population parameter estimates, direct and 
correlated responses from selection were predicted for egg 
mass, the ratio of egg weight to body weight and the 
efficiency index. From the predictions selection for egg 
mass should increase both egg weight and egg production; 
that for egg weight was about twice as great as for egg 
production in terms of standard deviation units. Body 
weight should also increase from selection for egg mass. 
Selection for the ratio of egg weight to body weight should 
decrease body weight with only a slight increase in egg 
weight and a slight decrease in egg production. Selection 
for the efficiency index was predicted to increase egg pro-
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auction and egg weight and to decrease body weight with the 
latter changing the most In terms of standard deviation 
units. 
Two alternative estimates of condition or fleshing 
(fat and muscle) were studied. They were the ratio of body 
weight to shank length and the ratio of >^ body weight to 
shank length. The line means were strongly correlated with 
body size for the former but not for the latter. The herlta-
bllltles, averaged over generations and lines, were 0.39 and 
0.08 for the two estimates, respectively. The ratio of 
^body weight to shank length was the better of the two esti­
mates of condition. 
A regression model containing both linear and quadratic 
effects of housing body weight and shank length, respectively, 
was fitted to the dependent variables egg production, egg 
mass and the efficiency index, respectively, to test for 
intermediate optima. Body weight and shank length had 
intermediate optima for maximum egg production. An inter­
mediate body weight optimum was also demonstrated for egg 
mass but the shank length analysis indicated that birds with 
longer shanks tended to produce the most egg mass. The rela­
tionship of body weight and shank length to the efficiency 
index, defined as grams of egg produced per day per pound of 
body weight, was essentially linear and negative in all 
lines except the small body group (Lines C and E). 
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CONCLUSIONS 
The following conclusions seem justified from this 
study: 
1. The magnitude and sign of the genetic and pheno-
typic correlations between body weight and egg 
production and between egg weight and egg production 
are dependent on the direction and amount of selec­
tion for body weight or egg weight. 
2. The negative regression of egg production on body 
weight or on egg weight seems to be stronger, 
genetically, than indicated from population param­
eter estimates. 
3. Maximum egg production is dependent on an inter­
mediate optimum for body weight and shank length. 
Maximum egg mass seems to be associated with longer 
shanks and intermediate body weight. High effi­
ciency of egg production (grams of egg produced per 
pound of body weight) is maximized with low body 
weight and short shank length. 
4. The ratio ofbody weight to shank length is a 
better measure of condition or fleshing than the 
ratio of body weight to shank length. 
5. The nonadditive component o^ genetic variance for 
egg production seems to be more important than the 
additive component. 
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6. Although egg mass and the production efficiency 
are both composite functions of egg production, 
they are only slightly more heritable. 
7. Genetic variations in egg mass depend mainly on 
egg weight whereas genetic variations in production 
efficiency depend mainly on body weight. 
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APPENDIX 
Table 53. Generation means for shank length (females 
only) 
Generation 
Line 0 1 2 3 4 
A 7.79 a 
(7.79)* 
7.66 
(7.64) 
7.86 
(7.91) 
B 8.28 
(8.43) 
8.39 
(8.71) 
8.74 
(8.83) 
C 7.47 
(7.26) 
7.16 
(7.02) 
7.23 
(7.15) 
D 8.07 
(8.26) 
8.08 
(8.23) 
8.23 
(8.26) 
E 7.72 
(7.59) 
7.49 
(7.39) 
7.51, 
(7.30) 
F 8.41 
(8.50) 
G 8.13 
(8.11) 
J 7.30 
(7.37) 
7.21 
(7.26) 
7.30 
(7.30) 
K 8.04 
(8.40) 
8.11 
(8.33) 
8.44 
(8.62) 
L 7.48 
(7.63) 
7.42 
(7.45) 
7.52 
(7.66) 
RCC 8.00 7.94 8.00 
^Figures in 
population mean. 
parenthesis represent the selected female 
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Generation 
5 5 7 8 9 19 IT 
,7.75^ 
(7.74) 
8.00 
(7.99) 
8.00 
(8.01) 
7.70 
(7.73) 
7.56 
(7.58) 
7.57, (7 .60 )  
7 .82  
8.58 
(8.62) 
9.05 
(9.21) 
9.13 
(9 .26 )  
8.83 
(8 .92 )  
8 .83  
(8.82) 
8.73 
(8 .85 )  9.37 
7.13 
(7.00) 
7.38 
(7.30) 
7.29^ 
(7.25) 
6.84 
(6.79) 
6.62 
(6.56) 
6 .61  
(6.54) 
6 .92  
8.16 
(8 .32 )  
8.48 
(8.73) 
8.55 
(8.73) 
8 .29  
(8.44) 
8 .31  
(8.42) 
8.40 
(8.54) 
9 .16  
7.43 
(7.40) 
7.76^ 
(7.63) (7.51) 
7.11^ 
(7 . 05 )  
6 .93  
(6 .90 )  
6 .92  
(6 .87 )  
7 .18  
7.92 
(7.96) 
8.48 
(8.67) 
8.45 
(8.62) 
7.94 
(8 .05 )  
8.14 
(8 .28 )  
8 .23  
(8.41) 
8.54 
7.58^ 
(7.60) 
8.02 
(7 .88 )  
7.76 
(7.73) 
7 .26  
(7 . 29 )  
7.15 
(7.11) 
7 .03  
(7.02) 
7 .09  
7.27 
(7.21) 
7.54 
(7.64) 
7 .16  7.07 7.13 7.14 
8.36 
(8.42) 
8.43 
(8.43) 
8 .66  
(8 .66 )  
8 .25  
(8 .22 )  
8 .26  
(8.31) 
8 .33  
7.38 
(7.44) 
7.71 
(7.70) 
7 .62  
(7.77) 
7.26 
(7.29) 
7.36 
(7.40) 
7.35 
8.00 8.40 8 .49  8 .09  8.02 8 .09  8 .29  
Table 54. Generation means for the condition index (females 
only) 
Generation 
Line ~Ô I 2 3 ? 
A 0.41 ^ 
(0.4l)& 
0.39 
(0.39) 
0.39 
(0.39) 
B 0.44 
(0.47) 
0.45 
(0.47) 
0.47 
(0.48) 
C 0.37 
(0.35) 
0.34 
(0.34) 
0.35 
(0.34) 
D 0.41 
(0.43) 
0.39 
(0.40) 
0.40 
(0.41) 
E 0.41 
(0.40) 
0.38 
(0.37) 
0.38 
(0.38) 
P 0.40 
(0.40) 
G 0.36 
(0.36) 
J 0.36 
(0.35) 
0.35 
(0.36) 
0.37 
(0.37) 
K 0.38 
(0.38) 
0.38 
(0.41) 
0.42 
(0.44) 
L 0.37 
(0.37) 
0.36 
(0.37) 
0.38 
(0.39) 
RCC 0.39 0.39 0.40 
^Figures in parenthesis represent the selected female 
population means. 
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Generation 
^ 7 8 9 ÏÔ IT 
0.39 
(0,39) 
0.33 
(GL34) 
0.38 
(0.39) o
 o
 
00
 0
0 0.41 
(0.41) 
0.43 
(0.43) 
0.40 
0.49 
(0.51j 
0.44 
,0.47) 
0.52 
(0.53) 
0,68 
(0.70) 
0.60 
(0.60) 
0.63 
(0.66) 
0.56 
0.34 
:0.33} 
0.29 
(0.28; 
0.31 
(0.31} 
0.39 
(0.38) 
0.36 
(0.35) 
0.35 
(0.34) 
0.31 
0.42 
(0.43) 
0.37 
(0.38) 
0.42 
(0.45) 
0.54 
(0,55) 
0.47 
(0.47) 
0.50 
(0.50) 
0.46 
0.37 
;0.38) 
0.32 
(0.32) 
0.35 
(0.35) 
0.42 
(0.42) 
0.40 
(0.39) 
0.40 
(0.39) 
0.36 
0.37 
(0.39) 
0.42 
\CU44) 
0,46 
iO.47) 
0.51 
(0.54) 
0.54 
(0.56) 
0.5L 
(0.54) 
0.56 
0.34 
(0.33) 
0.36 
(0.36) 
.0.39 
(0:38) 
0.40 
(0.41) 
0.43 
(0.42) 
0.39 
(0.38) 
0.40 
0.34 
:0.34i 
0.34 
(0.34) 
0.40 C.41 0.42 0.40 
0.40 
(0.41) 
0.40 
(0.40) 
0.46 
(0.47) 
0.49 
(0.49) 
0.52 
(0.54) 
0.51 
0.35 
;o.35) 
0.36 
(0.36: 
0.40 
(0.40) 
0.42 
(0.42) 
0.44 
(0.44) 
0.42 
0.40 0 36 0.^0 0.48 0.43 0.46 0.42 
Table 55. Generation means for housing body weight (females 
only) 
Generation 
Line Ô Ï 2 3 5" 
A 3-21,a 
(3.28)* 
3.44 
(3.46) 
3.18 
(3.16) 
2.96 
(2.96) 
3.05 
(3.05) 
B 3.21 
(3.61) 
3.94 
(4.08) 
3.65 
(3.91) 
3.75 
(4.06) 
4.11 
(4.28) 
C 3.21 
(2.79) 
3.07 
(3.08) 
2.73 
(2.51) 
2.45 
(2.38) 
2.52 
(2.44) 
D 3.21 
(3.30) 
3.49 
(3.62) 
3.29 
(3.51) 
3.15^ 
(3.31) 
3.33 
(3.37) 
E 3.21 
(2.80) 
3.22 
(3.23) 
3.10 
(3.06) 
2.84 
(2.69) 
2.83 
(2.74) 
P 3.34 
(3.44) 
G 2.95^ 
(2.95) 
J 2.55 
(2.46) 
2.61 
(2.59) 
2.61 
(2.56) 
2.52 
(2.62) 
2.70 
(2.70) 
K 2.55^ 
(2.71) 
2.82 
(2.93) 
3.04 
(3.15) 
3.10 
(3.43) 
3.58 
(3.77) 
L 2.55 
(2.58) 
2.59 
(2.61) 
2.72 
(2.85) 
2.68 
(2.77) 
2.86 
(2.95) 
RCC 3.10 3.08 3 .18  
^Figures in parenthesis represent the selected female 
population mean. 
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Generation 
5 6 7 8 9 10 11 
3 .00  
(3 .02 )  
2.64 
(2 .71 )  
3 .02  
(3.13) 
3.71 
(3.74) 
3 .08  
(3.10) 
3 .23  
(3 .26 )  
3 .15 
4.22 
(4.43) 
4.01 
(4.33) 
4.70 
(4.94) 
5.96 
(6 .19 )  
5 .26  
(5 . 27 )  
5.54^ 
(5.84) 
5 . 25  
2.43 
(2 .28 )  
2.12 
(2.04) 
2.24 
(2.24) 
2 .66  
(2 .60 )  
2 .36  
(2 .30 )  
2 .28  
(2.22) 
2 .13 
3.42 
(3 .60 )  
3.12 
(3.35) 
3.62 
(3.90) 
4.49 
(4.69) 
3 .89  
(3 .96 )  
4.16 
(4.24) 
4 .21 
2.75 
(2.78) 
2.48 
(2.42) 
2 .63  
(2.59) 
3.01 
(2.45) 
2 .77  
(2 .70 )  
2.75 
(2.68) 
2.54 
4.41 
(4.48) 
3.53 
(3.77) 
3.89 
(4.09) 
4.01 
(4.33) 
4.39 
(4.66) 
4 .25  
(4.51) 
4 .76 
2.55, 
(2.50) 
2.86 
(2.82) 
3.02 
(2 .91 )  
2.91 
(2.97) 
3 .10  
(2 .98 )  
2.72 
(2 .67 )  
2, .83 
2.45 
(2.46) 
2 .52  
(2.57) 
2.88 2 .91  3 .01  2 .87  
3.36 
(3.45) 
3.36 
(3.35) 
4.01 
(4.08) 
4 .07  
(4.07) 
4.32 
(4.48) 
4.21 
(4.48) 
2 .58  
(2.59) 
3.55 
(3 .69 )  
3 .69  
(3.88) 
3.90 
(4.04) 
3.83 
(3.93) 
4.02 
(3.93) 
3 .21  3.01 3.33 3.91 3.45 3.69 3. 46 
Table $6. Generation means for 32 week body weight (females 
only) 
Generation 
Line 0 12 
A 4.25 a 
(4.27)* 
4.29 
(4.27) 
4.24 
(4.20) 
3.79 
(3.73) 
3.98 
(3.99) 
B 4.25 
(5.14) 
4.87 
(5.16) 
5.12 
(5.60) 
4.97 
(5.65) 
5.74 (6 .10 )  
C 4.25 
(3.42) 
3.78 
(3.65) 
3.65 
(3.25) 
3.08 
(2.80) 
3 .11  
(3.00) 
D 4.25 
(4.52) 
4.48 
(4.68) 
4.49 
(4.80) 
4.23 
(4.47) 
4.51 
(4.67) 
E 4.25 
(3.84) 
4.13 
(4.10) 
4.06 
(3.86) 
3.57 
(3.34) 
3.54 
(3.35) 
F 4.42 
(4.62) 
G 3.75 
(3.66) 
J 3.48 
(3.26) 
3.55^ 
(3.55) 
3.61 
(3.50) 
3.43 
(3.58) 
3 .69  
(3 .65 )  
K 3.48 
(3.92) 
4.18 
(4.44) 
4.67 
(5.07) 
4.63 
(5.38) 
5.24 
(5.73) 
L 3.48 
(3.55) 
3.80 
(3.91) 
3.84 
(4.02) 
3.81 
(3.96) 
4.12 
(4.34) 
RCC 4.15 4.01 4 .15  
^Figures in parenthesis represent the selected female 
population mean. 
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Generation 
5 5 7 8 9 ÎÔ IT 
3.89 
(3.91) 
3.60 
(3.74) 
3.81 
(3.87) 
3.54 
(3.57) 
3.51 
(3.54) 
3.54 
(3.62) 
3.56 
,5.52^ 
(5.94) 
5.64 
(6.33) 
6.10 
(6.63) 
6.12 
(6.52) 
6.49 
(6.54) 
6.28 
(6.82) 
6 .25 
3.01 
(2.71) 
2.84 
(2.51) 
2.73 
(2.56) 
2.51 
(2.37) 
2,44 
(2.32) 
2.30 
(2.14) 
2 .23 
4.27 
(4.61) 
4.26 
(4.58) 
4.51 
(4.90) 
4.43 
(4.66) 
4.50 
(4.71) 
4.73 
(4.86) 
4 .70 
3.34 
(3.37) 
3.24 
(3.07) 
3.13 
(3.07) 
2.88 
(2.82) 
2.84 
(2.83) 
2.79 
(2.72) 
2 .66 
4.41 
(4.48) 
4.59 
(5.07) 
4.82 
(5.22) 
5.07 
(5.64) 
5.44 
(5.98) 
5.32 
(5.77) 
5^ .72 
3.57 
(3.65) 
3.60 
(3.37) 
3.54 
(3.36) 
3.40 
(3.44) 
3.28 
(3.09) 
3.07 
(2.97) 
3. 03 
3.41 
(3.36) 
3.12 
(3.18) 
3.25 3.37 3.52 3.39 
4.95 
(4.96) 
4.82 
(4.80) 
5.16 
(5.40) 
5.46 
(5.47) 
5.72 
(6.02) 
5.68 
3.73 
(3.82) 
3.55 
(3.69) 
3.69 
(3.88) 
3.90 
(4.04) 
3.83 
(3.93) 
4.02 
4.11 4.05 4.32 3.97 4.00 4.03 3. 98 
Table 57. Generation means for 32 week egg weight (females 
only) 
Generation 
Line Ô I 2 3 ? 
A 
(5#:3)* 
54.5 
(54.9) 
54.9, 
(54.7) ,53.9^ (54.3) 
55.1, 
(54.0) 
B 
(sa!?) (59.2) 
58.0 
(59.2) 
58.4 
(59.7) 
61.4 
(62.2) 
C 55.6^ 
(52.4) 
53.2 
(52.7) 
51.8 
(49.8) 
49.7 
(48.8) 
48.6 
(48.1) 
D 55.6^ 
(67.1) 
58.0 
(60.9) 
59.0 
(63.2) 
59.7, 
(63.4) 
62.5 
(65.4) 
E 55.6 
(48.2) 
51.8 
(50.6) 
50.4 
(46.9) 
48.6 
(44.8) 
45.9 
(42.4) 
F 51.8 
(50.3) 
G 54.1 
(54.8) 
J 44.2 
(42.3) 
44.6 
(44.2) 
44.5 
(43.8) 
41.7 
(42.0) 
45.5 
(45.4) 
K 44.2 
(43.7) 
47.0 
(47.4) 
47.9 
(48.8) 
44.8 
(46.5) 
49.6 
(50.3) 
L 44.2 
(49.2) 
47.8 
(50.0) 
48.0 
(50.7) 
45.8 
(49.8) 
51.S 
(55.5) 
RCC 53.9 56.2 55.1 
^Figures in parenthesis represent the selected female 
population mean. 
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52.0 
(51.6) 
51.3, 
(51.1) 
47.8 
(48.0) 
49.1 
(48.9) 
47 .1  
(47.2) 
47.2 
(47.6) 
48.1 
58.3 
(58.3) 
59.2^ 
(60.0) 
56.3 
(57.1) 
58.6 
(59.3) 
56 .4  
(56.9) 
56 .4 
(56.3) 
56 .9  
47.0 
(46.3) 
46.5 
(45.0) 
43.1 
(42.7) 
43.5 
(43.1) 
41.8 
(41.4) 
40.7 
(40.4) 
40.4 
59.6 
(64.9) 
61 .5  
(66.4) 
57.9, (63.2) 
60.7 
(65.7) 
,59.7" (62.0) 
61 .9  
(65 .6 )  
63.4 
44.4 
(43.1) 
43.0 
(38.9) 
38.7 
(36.6) 
39.0 
(26.9) 
36 .2  
(35.0) 
36 .5  
(33.7) 
35.5 
52.7 
(48.7) 
51.5 
(50.6) 
48.6 
(46.8) 
49.9 
(49.5) 
49.3 
(47.6) 
48.7 
(47.0) 
48.8 
53.1 
(56.8) 
54.2 
(55.9) 
52.7 
(55.0) 
54.1 
(54.1) 
51.4 
(54.5) 
50.3 
(53.4) 
53.2 
42.3 
(40.9) 
40.4 
(40.4) 
41.4 41.8 41.4 39.7 
46.4 
(46.3) 
47.7 
(47.5) 
46.8 
(47.3) 
46.0 
(46.0) 
46.0 
(46.6) 
44.5 
48.6 
(52.6) 
49.5 
(51.9) 
49.5 
(53.7) 
51 .6  
(53.9) 
52.0 
(54.9) 
51.5 
53.3 53.1 50.5 51.5 50 .2  51 .6  51.2 
Table 58. Generation means for part-record percent egg 
production 
G e n e r a t i o n  
L i n e  0 I 2 3 ? 
A 64.0 
(67.0)* 
55.0 
(68 .5) 
61 .7  
(73.1) 
58 .7  
(73.8) 
59.4 
(76 .9 )  
B 64.0 
(56 .6 )  
54.5^  
(61.3) 
57.1 
(58.9) 
56 .0  
(54.5) 
51.9 
(52 .1 )  
C 64.0 
(59.7) 
55.0 
(64.0) 
58 .6  
(57.6) 
56.4 
(54.0) 
52.5 
(53.6) 
D 64.0 
(62.0) 
56 .2  
(62 .1 )  
59.4 
(58.4) 
57.0 
(58 .5) 
,57.7% 
(57 .0 )  
E 64.0 
(65 .7 )  
56 .6  
(62.4) 
61 .5  
(63 .2 )  57.9, (56 .8 )  
56 .0  
(55.3) 
P 74.1 
(74 .0 )  
G 72.7 
(73.5) 
J 71.5^  
(75.7) 
66.2 
(77.3) 
70.0 
(79 .6 )  
67 .3  
(83.7) 
77.1 
(90 .6 )  
K 71.5, 
(67 .7 )  
,59.1, 
(57.6) 
60 .2  
(63 .5) 
50.2 
(47.7) 
74.4 
(71.7) 
L 71.5 
(67 .0 )  
66 .3  
(65 .4 )  
67 .1  
(65 .2 )  
61 .5  
(63.8) 
75.1 
(76.7) 
RCC 63.9 58 .7  60 .3  
^-Figures in parenthesis represent the selected female 
population mean. 
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77.4 
(86.7) 
72.4 
(88.9) 
72 .8  
(85 .6 )  
59.1 
(68 .6 )  
80 .1  
(90.4) 
73.9 (86 .6 )  77.3 
73.6 
(73.4) 
68 .8  
(71 .1 )  
66.7 
(65 .8 )  
43 .6  
(41.9) 
60.4 
(60.0) 
54.0 
(56 .5 )  
49 .2  
73.9 
(72.4) 
61.6 
(52.9) 
60.4 
(61 .8 )  
53.0 
(53.2) 
69.3 
(69.3) 
66.0 
(65 .6 )  
58 .1  
73.1 
(72.1) 
69 .2  
(69.3) 
67.1 
(68.0) 
45.5 
(47.4) 
69 .7  
(71.5) 
60 .2  
(60 .8 )  
46.5 
77.3^ 
(77.2) 
72.4 
(71.4) 
72.4 
(75.9) 
65 .0  
(70 .8 )  
73.6 
(78.4) 
72.1 
(78.4) 
71.6 
72.7 
(76.7) 
73.6 
(76.7) 
72.3 
(72.7) 
69 .7  
(71.5) 
76 .8  
(75.5) 
68 .7  
(70 .3 )  
63.8 
74.3 
(75.0) 
70.5 
(72 .2 )  
68 .9  
(68 .5 )  
66.0 
(69 .1 )  
65.7 
(64.2) 
62 .2  
(61.4) 
54.9 
76.1 
(87.3) 
74.51 
(73.9) 
73.9 70.7 77.1 69 .0  
65.4 
(65 .6 )  
51.1. 
(50 .0 )  
62 .9  
(63 .2 )  
49.0 
(50 .6 )  
67 .6  
(66.7) 
58.2 
72.7 
(72 .6 )  
68.4 
(67 .5) 
72 .0  
(75.0) 
64.6 
(65 .3) 
69.4 
(67.9) 
59.7 
77.9 78 .8  74.4 . 65.4 75.5 68.1 70 .2  
Table 59- Generation means for full-record percent egg 
production 
G e n e r a t i o n  
L i n e  0  1 2  ~3 5 ^  
A 49.0 
(59.6) 
54.2 
(58.9) 
46.6 
(57.2) 
54.6 
(65 .9 )  
B 
(47^7) 
46.7 
(51.1) 
47.0 
(46.9) 39.9 (38.3) 
51 .0  
(51.0) 
C 57.3 
(53.6) 
48.1 
(53.9) 
52.2 
(49.3) 
42.9 
(44.7) 
52 .0  
(54 .1 )  
D 57.3 
(56.3) 
52.3 
(55.6) 
55.6 
(53.5) 
42.4 
(44.1) 
57 .2  
(57.1) 
E 57.3 
(54.5) 
47.6 
(52.6) 
54.0 
(55.0) 
48.5 
(48.9) 
53.6 
(57.3) 
F 62 .7  
(63.2) 
G 61 .6  
(65 .8 )  
J 51.3 
(54.8) 
54.2 
(60.0) 
60.3 
(64.1) 
54.3 
(65.3) 
61 .7  
(65 .6 )  
K 51.3 
(45.2) 
50.7 
(50.9) 
45.1 
(47.4) 
39.0 
(42.4) 
42.2 
(43.1) 
L 51.3 
(50.8) 
52.4 
(53.5) 
56.4 
(54.4) 
47-4 
(49.5) 
53.3 
(54.7) 
RCC 56 .0  48.3 57.2 
^Figures in parenthesis represent the selected female 
population mean. 
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60.7 
(69.3) 
64.3 
(74.1) 
63 .2  
(72 .9) 
52.7^ 
(59.6) 
59.8^ 
(64.1) 57.4 (66.0) 
62 .7  
54.8 
(53.7) 
56.6 
(57.3) 
53.5, 
(51 .2 )  
32 .8  
(32.4) 
45.5 
(45.3) 
54.0 
(56 .5 )  
49 .2  
54.4 
(53.5) 
53.8 
(48.5) 
50.3^ 
(48.2) 
42.9 
(41.9) 
46.3 
(48.6) 
66.0 
(65.6) 
58 .1  
56.7 
(59.3) 
61 .0  
(63.6) 
61.4 
(65.7) 
41.5 
(41.3) 
52.1 
(54.2) 
60 .1  
(60.4) 
46.5 
57.9 (61.9) 
62 .7  
(63.6) 
62 .1  
(64.3) 
54.5 
(55.7) 
55.6 
(60.5) 
72 .1  
(78.4) 
71 .6  
62.4 
(64.6) 
64.0 
(67.7) 
66.4 
(71.7) 
59.8 
(62.9) 
65.7 
(65 .0 )  
57.0 
(58 .2 )  
50 .0  
61.5 
(61.9) 
64.0 
(70 .2 )  
66,0 
(67 .0 )  
58 .7  
(64.5) 
58 .5  
(56 .8 )  
53.1 
(57.1) 
49.9 
64.6 
(72.8) 
63.4 
(66.8) 
60 .8  61 .3  61.3 56 .7  
44.6 
(42.3) 
43 .6  
(43.0) 
42.2 
(44.1) 
37.3 (40.8) 
38 .0  
(40.7) 
34.8 
54.1 
(56.5) 
55.4 
(60.5) 
57.3 
(63 .6 )  
54.4 
(55.3) 
47.4 
(48.0) 
43 .8  
63,6 69.5 66.3 56 .3  59.2 51.9 60 .9  
Table 60. Generation means for egg mass (gra of egg produced 
per day) 
Generation 
Line Ô I 2 3 5" 
A 
(36.0)* 
33.3 
(38.1) 
34.9 
(39.9) 
32.9 
(40.3) 
33.6 
(41.6) 
B 33.7 
(33.6) 
35.0 
(36.0) 
54.3 
(35.5) 
33.1 
(33.0) 
32.8 
(33.1) 
C 33.7 
(31.5) 
34.1 
(33.7) 
31.5 
(28.5) 
29.4 
(27.1) 
26.7 
(26.5) 
D 33.7 
(38.5) 
35.3 
(37.7) 
36.2 
(36.8) 
35.3 
(37.0) 
36.3 
(37.2) 
E 33.7 
(31.7) 
31.6 
(31.7) 
31.5 
(29.7) 
29.5 
(25.5) 
26.6 
(23.4) 
F 37.7 
(37.0) 
a 40.0 (40.2) 
J 31.3 
(32.2) 
30.6 
(34.6) 
31.5 
(35.1) 
29.1 
(35.1) 
35.1 
(41.2) 
K 31.3 
(29.7) 
28.5 
(28.0) 
29.7 
(31.2) 
25.0 
(24.5) 
36.5 
(35.7) 
L 31.3 
(35.3) 
32.6 
(33.0) 
32.5 
(33.0) 
29.9 
(32.1) 
39.3 
(42.6) 
RCC 34.5 33.8 33.8 
figures in parenthesis represent the selected female 
population mean. 
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39.9 
(44.2) 
38.6 
(45.4) 
36.2 
(41.1) 
31.3^  
(33.8) 
39.5 
(42.9) 
36.6 
(41.3) 
38.6 
41.5 
(41.3) 
42.6 
(43.4) 
39.4 
(39.3) 
30.0 
(29.3) 
35.7 
(35.8) 
33.9 
(34.2) 
32.6 
34.8 
(33.2) 
31.3 
(27.0) 
27.8 
(27.2) 
25.2 
(25.2) 
30.6 
(29.7) 
32.8 
(40.0) 
25.8 
43.8 
(46.8) 
43.6 
(46.0) 
40.5 
(42.9) 
29.9 
(30.9) 
42.7 
(44.9) 
38.1 
(39.9) 
38.2 
34.4 
(33.3) 
31.8 
(27.9) 
29.6 
(27.8) 
27.0 
(26.1) 
29.0 
(27.6) 
28.1 
(26.5) 
27.2 
39.7 
(37.8) 
38.8 
(38.9) 
36.0 
(34.1) 
36.2 
(35.4) 
38.3 
(36.0) 
34.3 
(33.2) 
32.3 
40.7 
(42.4) 
39.1 
(40.4) 
37.2 
(37.8) 
37.8 
(37.2) 
34.3 
(34.9) 
32.1 
(32.9) 
30.4 
32.5 
(35.6) 
30.7 
(29.9) 
30.4 30.9 32.3 28.5 
30.5 
(30.8) 
25.7 
(25.0) 
31.1 
(31.3) 
26.9 
(27.2) 
31.9 
(31.3) 
25.9 
35.8 
(38.1) 
34.8 
(35.0) 
36.4 
(40.2) 
36.0 
(36.5) 
36.8 
(37.3) 
32.2 
40.7 42.6 39.0 35.0 39.9 37.8 37.8 
Table 6l. Generation means for the ratio of 32 week egg 
weight to 32 week body weight 
Generation 
Line Ô I 2 3 
A 13.3 a 
(13.3) 
12.9 
(13.0) 
13.1 
(13.2) 
14.4 
(14.7) 
14.0 
(13.6) 
B 13.3 
(11.5) 
12.1 
(11.5) 
11.3 
(10.6) 
11.8 
(10.6) 
10.8 
(10.2) 
C 13.3 
(15.4) 
14.2 
(14.5) 
14.2 
(15.4) 
16.0 
(17.5) 
15.6 
(16.1) 
D 13.3 
(13.9) 
13.1 
(13.2) 
13.3 
(13.4) 
14.1 
(14.3) 
13.9 
(14.1) 
E 13.3 
(12.7) 
12.7 
(12.5) 
12.5 
(12.3) 
13.7 
(13.6) 
13.1 
(12.8) 
P 11.7 
(10.9) 
G l4.4 
(15.1) 
J 12.8 
(13.1) 
12.6 
(12.5) 
12.4 
(12.6) 
12.2 
(11.9) 
12.4 
(12.6) 
K 12.8 
(11.2) 
11.3 
(10.7) 
10.5 
( 9.7) 
9.8 
( 8.8) 
9.6 
( 8.7) 
L 12.8 
(14.0) 
12.5 
(12.8) 
12.7 
(12.8) 
12.2 
(12.7) 
12.7 
(13.0) 
RCC 13.1 14.2 13.4 
figures in parenthesis represent the selected female 
population mean. 
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13.2 
(13.3) 
14.0 
(13.8) 
12.6 
(12.5) 
14.0 
(13.8) 
13.4 
(13.4) 
13.4 
(13.2) 
13.4 
10.3 
( 9.9) 
10.4 
( 9.5) 
9.2 
( 8.7) 
, 9.7 
( 9.1) 
8.7 
( 8.7) 
9.0 
( 8.3) 
9.0 
15.1 
(17.1) 
16.1 
(17.6) 
15.7 
(16.7) 
17.3 
(18.2) 
17.2 
(17.9) 
17.8 
(19.1) 
17.9 
13.9 
(14.2) 
14.2 
(14.6) 
12.9 
(13.1) 
13.9 
(14.3) 
13.5 
(13.4) 
,13.3 
(13.7) 
13.8 
13.0 
(12.9) 
13.1 
(12.8) 
12.4 
(12.1) 
13.6 
(13.2) 
12.9 
(12.5) 
13.2 
(12.5) 
13.1 
11.91 
(11.0) 
11.1 
( 9.9) 
10.2 
( 9.0) 
9.9 
( 8.8) 
9.1 
( 8.0) 
9.2 
( 8.1) 
8.5 
14.9 
(15.7) 
15.2 
(16.7) 
15.0 
(16.5) 
15.9 
(15.8) 
15.8 
(17.7) 
16.4 
(18.0) 
17.6 
12.5 
(12.3) 
13.0 
(12.8) 
12.8 12.3 11.8 11.7 
9.5 
( 9.4) 
9.8 
( 9.8) 
9.2 
( 8.8) 
8.4 
( 8.4) 
8.1 
( 7.8) 
7.8 
13.2 
(13.9) 
14.0 
(14.2) 
13.6 
(14.0) 
13.4 
(13.4) 
13.7 
(14.1) 
13.0 
12.9 13.1 11.7 13.0 12.5 12.8 12.8 
Table 62. Generation means for the efficiency Index (gm of 
egg produced per day per lb of body weight) 
Generation 
Line Ô I S 3 ? 
A 8-5 a 
(8.9)* (9:0) 
8.3 
(9.7) 
8.7" 
(10.9) 
8.5 
(10.5) 
B 8.5 
(6.6) (7:1) 
6.7 
(6.4) ( 5.9) 
5.8 
( 5.4) 
C 8.5 
(9.2) 
9.0^  
(9.3) 
8.6 
(8.8) 
9.5, 
( 9.7) 
8.5 
( 8.9) 
D 8.5 
(8.6) 
8.0 
(8.2) 
8.1 
(7.8) 
8.4 
( 8.4) 
8.0 
( 8.0) 
E 8.5 
(8.1) (7:8) 
7.8 
(7.7) 
8.3^  
( 7.7) 
7.6 
( 7.1) 
P 8.6 
( 8.0) 
G 10.8 
(11.2) 
J 9.2 
(10.0) 
8.6 
( 9.8) 
8.8 
(10.1) 
8.5^  
( 9.9) 
9.6 
(11.4) 
K 9.2 
( 7.6) 
6.9 
( 6.3) 
6.5 
( 6.2) 
5.5 
( 4.7) 
7.0 
( 6.0) 
L 9.2 
( 9.3) 
8.6 
( 8.5) 
8.6 
( 8.3) 
7.9 ( 8.1) 
9.6^  
( 9.9) 
RCC 8.5 8.5 8.3 
figures in parenthesis represent the selected female 
population mean. 
208 
Generation 
3 5 7 8 9 10 IT 
10.1 
(11.3) 
10.5 
(12.3) (10.7) 
8.9 
( 9.5) 
11.2 
(12.2) 
10.3 
(11.5) 
10.7 
7.4 
( 7.0) 
7.4 
( 6.9) 
6.5 
( 6.0) 
5.0 
( 4.5) ( 5*.5) 
5.4 
( 5.0) 
5.1 
11.4 
(12.2) 
10.8 
(10.5) 
10.1 
(10.6) 
10.0 
(10.6) 
12.6 
(12.8) 
12.1 
(12.9) 
11.3 
10.2 
(10.3) 
10.1 
(10.1) 
9.1 
( 8.9) 
6.9 
( 6.8) ( SL^ ) 
8.2 
( 8.4) 
8.4 
10.1 
( 9.9) ( 9:1) 
9.4 
( 9.2) 
9.3 
( 9.3) 
10.3 
( 9.9) 
10.3 
( 9.9) 
10.0 
8.9 
( 8.5) 
8.4 
( 7.6) 
7.5 
( 6.5) 
7.2 
( 6.3) 
7.1 
( 6.0) 
6.5^ 
( 5.7) 
5.7 
11.4 
(11.7) 
10.9 
(12.0) 
10.5 
(11.2) 
11.1 
(10.9) 
10.5 
(11.3) 
10.5 
(11.1) 
10.0 
9.6^ 
(10.7) ( S^4) 
9.4 9.1 9.2 8.4 
6.2 
( 6.3) ( 5:2) 
6.2 
( 5.8) 
4.9 
( 5.0) 
5.6 
( 5.2) 
4.9 
(10.0) ( 9:6) 
10.0 
(10 .5) 
9.3^ 
( 9.1) 
9.7' 
( 9.5) 
8.1 
9.8 10.5 9.0 8.9 10.0 9.4 9.4 
Table 63. Percent inbreeding by line and generation^  
Generation 
Line ~~5 I 2 3 ? 
A 0.00 1.16 4.04 5.19 7.05 
B 0.96 1.25 2.36 4.49 5.98 
C 0.20 2.31 2.69 4.51 6.85 
D 0.4l 0.79 2.59 4.47 7.07 
E 0.61 1.31 3.67 6.45 9.88 
P 0.75 1.01 2.84 5.92 1.40 
G 0.52 1.71 2.92 3.99 1.62 
J 0.00 0.37 2.82 5.30 7.97 
K 1.12 2.03 3.11 5.73 7.07 
L 0.40 1.35 3.14 6.38 10.07 
S^ource: Tolman, 1969. 
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8.92 10.43 12.01 12.32 14.64 15.98 17-32 
7.48 9.24 11.25 13.49 15.07 17.68 18.35 
9.59 10.94 12.59 14.35 18.30 19.92 21.69 
9.27 10.59 13.98 15.59 17.83 20.14 21.49 
12.40 14.77 18.98 20.26 23.70 24.88 26.49 
5.38 7.84 10.18 12.03 14.05 16.19 17.47 
4.77 6.28 8.74 10.85 11.93 14.49 15.26 
8.98 11.11 13.27 
8.65 10.85 12.97 14.56 15.96 17.86 
11.63 13.59 16.09 17.53 21.10 23.61 
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Table 64. Analysis of variance for shank length 
Variance^  
Line Source d.f. M.S, component Percentage 
Years 9 0.0418 0.56** 9.2 
Sires/years 149 0.0035 0.62** 10.1 
Dams/Sires 1232 0.0008 0.77** 12.6 
Hens/bams 5516 0.0004 4.15 68.1 
Total 6906 6.10 100.0 
Years 9 0.0478 2.47** 37.2 
Sires/ïears 71 0.0010 0.15** 2.3 
Dams/Sires 403 0.0005 0.51** 7.7 
Hens/Dams 1425 0.0003 3.50 52.8 
Total 1908 6.63 r 100.0 
Years 9 0.0861 3.51** 43.6 
Sires/ïears 73 0.0016 0.32** 4.0 
Dams/Sires 453 0.0006 0.69** 8.5 
Hens/bams 1872 0.0004 3.55 43.9 
Total 2407 8.07 100.0 
Variance components were all multiplied by 10,000. 
**P < .01. 
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Table 64. (Continued) 
Variance 
Line Source d.f. M.S. component^  Percentage 
D 
Years 9 0 .0684 2.66** 31.4 
Sires/Years 69 0 .0031 0.72** 8.5 
Dams/Sires 485 0, .0007 0.75** 8.9 
Hens/Dams 1905 0, .0004 4.34 51.2 
Total 2468 8.46 100.0 
Years 9 0, .0856 3.34** 37.5 
Sires/Years 71 0. ,0028 0.67** 7.6 
Dams/Sires 484 0. 0007 0.58** 6.5 
Hens/bams 1916 0. ,0004 4.32 48.4 
Total 2480 8.91 100.0 
Years 7 0. ,0446 I.5S** 26.3 
Sires/Years 57 0. ,0021 0.43** 7.2 
Dams/Sires 458 0, ,0006 0.71** 11.9 
Hens/Dams 1644 0. ,0003 3.27 54.6 
Total 2166 5.99 100.0 
Years 7 0. 1465 5.23** 57.5 
Sires/Years 55 0. 0017 0.32** 3.5 
Dams/Sires 475 0. 0005 0.50** 5.5 
Hens/bams 1691 0. 0003 3.05 33.5 
Total 2228 9.10 100.0 
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Table 64. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
Years 5 0 .0260 0.37** 6 .5 
Sires/Zears 82 0 .0030 0.47** 8 .1 
Dams/Sires 646 0 .0009 0.87 15 .0 
Hens/bams 3138 0 .0004 4.07 70 .4 
Total 3871 5.78 100, .0 
Years 8 0, .0173 0.98** 13. 7 
Sires/years 62 0, .0015 0.39** 5. 5 
Dams/Sires 386 0. 0007 0.57** 8. 0 
Hens/bams 1008 0. 0005 5.21 72. ,8 
Total 1464 7.15 100. ,0 
Years 8 0. 0162 0.49** 8. 
.9 
Sires/Years 64 0. ,0029 0.70** 12. 7 
Dams/Sires 480 0, .0006 0.39** 7. 0 
Hens/bams 1843 0. 0004 3.95 71. 4 
Total 2395 5.53 100. 0 
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Table 65. Analysis of variance for the condition index 
(housing body weight/shank length) 
Variance^  
Line Source d.f. M.S. component Percentage 
A 
Years 9 0.9124 13.17** 32 .8 
Sires/years 149 0.0154 2.45** 6 .1 
Dams/Sires 1232 0.0043 4.83** 12, .0 
Hens/bams 5514 0.0020 19.71 49. 1 
Total 6904 40.15 100. 0 
Years 9 0.9207 48.14** 66, .4 
Sires/Years 71 0.0075 1.69** 2. 3 
Dams/Sires 403 0.0032 3.43** 4. 7 
Hens/Dams 1425 0.0019 19.26 26. .6 
Total 1908 72.52 100. ,0 
Years 9 0.3815 15.64** 36. 6 
Sires/Years 73 0.0069 I.l4** 2. 7 
Dams/Sires 453 0.0034 2.41** 5. 6 
Hens/Dams 1864 0.0024 23.50 55. 1 
Total 2399 42.69 100. 0 
^Components were all multiplied by 10,000. 
**P < .01. 
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Table 65. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
D 
Years 9 0 .6658 26 .60** 49 .0 
Sires/Years 69 0 .0125 2 .67** 4 .9 
Dams/Sires 485 0 .0037 3 .90** 7 .2 
Hens/Dams 1905 0 .0021 21 .07 39 .9 
Total 2468 54 .24 100, .0 
Years 9 0, .3890 15 .33** 36, .6 
Sires/Years 71 0, .0096 1 .75** 4. 2 
Dams/Sires 484 0. 0039 4, .26** 10. 1 
Hens/Dams 1914 0, .0021 20 .58 49. 1 
Total 2478 41, .92 100. ,0 
Years 7 1. 0972 40, .42** 63. ,4 
Sires/Years 57 0. ,0109 2, .43** 3. ,8 
Dams/Sires 458 0, .0027 2, .05** 3. ,2 
Hens/Dams 1642 0, ,0019 18, .84 29. 6 
Total 2164 63, .74 100. ,0 
Years 7 0, .3561 12. 50** 36. ,4 
Sires/Years 55 0. 0095 1. 94** 5. ,6 
Dams/Sires 475 0. ,0025 1. .69** 4. 9 
Hens/Dams 1691 0. 0018 18. 25 53. 1 
Total 2228 34. ,38 100. 0 
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Table 65. (Continued) 
Line Source d.f. M.S. 
Variance 
component^  Percentage 
J 
Years 5 0.2848 4.44** 17.8 
Sires/Years 82 0.0104 1.68** 6.8 
Dams/Sires 646 0.0028 2.19** 8.8 
Hens/Dams 3137 0.0017 16.58 66.6 
Total 3870 24.89 100. G-
K 
Years 8 0.5219 32.30** 63.5 
Sires/Years 62 0.0038 0.72** 1.4 
Dams/Sires 386 0.0022 1.89* 3.7 
Hens/Dams 1008 0.0016 16.00 31.4 
Total 1464 50.91 100.0 
L 
Years 8 0.3412 12.57** 37.3 
Sires/Years 64 0.0071 1.19** 3.5 
Dams/Sires 480 0.0029 2.76** 8.2 
Hens/Dams 1843 0.0017 17.24 51.0 
Total 2395 33.76 100.0 
*P < .05. 
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Table 66. Analysis of variance for housing body weight 
Variance^  
Line Source d.f. M.S. component Percentage 
A 
Years 11 0 .7685 11 .29** 24.7 
Sires/Years 178 0 .0239 4 .19** 9.2 
Dams/Sires 1437 0 .0056 6 .77** 14.8 
Hens/Dams 6393 0 .0023 23 .44 51.3 
Total 8019 45 .69 100.0 
Years 11 1 .0023 57. 23** 66.4 
Sires/Years 97 0, .0067 1. 40** 1.6 
Dams/Sires 458 0. 0038 4. 11** 4.8 
Hens/Dams 1540 0, .0023 23. ,40 27.2 
Total 2106 86. ,14 100.0 
Years 11 0, .4362 19. 65** 38.5 
Sires/Years 99 0, 
i>-00 0
 
0
 1. 73** 3.4 
Dams/Sires 508 0. 0045 4. 78** 9.4 
Hens/Dams 2008 0, .0025 4. .83 48.7 
Total 2626 50. 99 100.0 
^'Components were all multiplied by 10,000. 
**P < .01. 
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Table 66. (continued) 
Variance 
Line Source d.f. M.S. component Percentage 
D 
Years 11 0 .7017 30 .47** 45 .6 
Sires/years 88 0, .0174 4 .45** 6 .7 
Dams/Sires 541 0, .0050 5 .85** 8 .8 
Hens/bams 2077 0, .0026 26 .03 38 .9 
Total 2717 66 .80 100, .0 
Years 11 0, .2531 10 .80** 24, .1 
Sires/Years 89 0. 0135 2, .97** 6, .6 
Dams/Sires 532 0. 0053 7. 20** 16. 1 
Hens/bams 2038 0. ,0024 23. 89 53. ,2 
Total 2670 44. ,86 100. ,0 
Years 7 1. 
00 rH C
O rH 43. ,28** 60. ,0 
Sires/Years 57 0. 0145 3. ,09** 4. .3 
Daras/Sires 459 0. ,0039 4. ,41** 6. ,1 
Hens/Dams 1648 0. 0021 21. ,40 29. ,6 
Total 2171 72. ,18 100. 0 
Years 7 0. 2155 7. ,13** 21. ,0 
Sires/Years 55 0. 0164 3. 57** 10. 5 
Dams/Sires 475 0. 0034 3. ,52** 10. 4 
Hens/Dams 1699 0. 0020 19. 74 58. 1 
Total 2236 33. 96 100. 0 
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Table 66. (Continued) 
Variance 
Line Source d.f. M.S. component^  Percentage 
J 
Years 7 0 
00 0
0 r-\ 
3.30** 11 .9 
Sires/Years 112 0 .0116 2.16** 7 .8 
Dams/Sires 742 0 .0036 3.34** 12, .1 
Hens/bams 3510 0 .0019 18.87 68, .2 
Total 4371 27.67 100. 0 
Years 10 0, .6932 46.58** 68. ,2 
Sires/Years 85 0. 0053 1.70** 2. .5 
Dams/Sires 437 0. 0024 2.03** 3. ,0 
Hens/Dams 1117 0. ,0018 18.00 26. 3 
Total 1649 68.31 100. 0 
Years 10 0. 2777 11.34** 30. 6 
Sires/Years 90 0. 0096 2.36** 6. 4 
Dams/Sires 536 0. 0035 3.83** 10. 3 
Hens/Dams 1975 0. 0019 19.49 52. 7 
Total 2611 37.02 100. 0 
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Table 67. Analysis of variance for 32 week body weight 
Variance 
Line Source d.f. M.S. component^  Percentage 
A 
Years 11 0.6177 9.66** 22.4 
Sires/Years 178 0.0221 4.13** 9.5 
Dams/Sires 1417 0.0052 6.50** 15.1 
Hens/bams 5887 0.0023 22.88 53.0 
Total 7493 43.17 100.0 
Years 11 0.2780 16.48** 37.0 
Sires/Years 96 0.0063 1.49** 3.3 
Dams/Sires 449 0.0034 3.14** 7.1 
Hens/bams 1437 0.0023 23.44 52.6 
Total 1993 44.55 100.0 
Years 11 1.0604 52.22** 65.9 
Sires/Years 99 0.0073 1.75** 2.2 
Dams/Sires 498 0.0034 3.01** 3.8 
Hens/Dams 1836 0.0022 22.24 28.1 
Total 2444 79.22 100.0 
^Components were all multiplied by 10,000. 
**P < .01. 
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Table 67. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
D 
Years 11 0.0606 2 .06** 5.4 
Sires/Years 88 0.0158 4 .19** 11.0 
Dams/Sires 531 0.0049 5 .93** 15.6 
Hens/Dams 1902 0.0026 25 .80 68.0 
Total 2532 37 .98 100.0 
Years 11 0.7407 35 .04** 50.4 
Sires/Years 88 0.0153 4, .11** 5.9 
Dams/Sires 519 0.0048 6, .09** 8.8 
Hens/bams 1890 0.0024 24. ,33 34.9 
Total 25O8 69. 57 100.0 
Years 7 0.4374 16. ,25** 37.0 
Sires/Years 57 0.0120 2. 37** 5.4 
Dams/Sires 454 0.0040 4. 97** 11.3 
Hens/Dams 1587 0.0020 20. 37 46.3 
Total 2105 43. 96 100.0 
Years 7 0.2545 8. 00
 
*
 
26.3 
Sires/Years 55 0.0176 4. 18** 12.4 
Dams/Sires 469 0.0031 3. 63** 10.8 
Hens/Dams 1611 0.0017 17. 04 50.5 
Total 2142 33. 71 100.0 
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Table 67. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
J 
Years 7 0 .3077 5.83** 18 .3 
Sires/Years 112 0 .0145 3.00** 9 .4 
Dams/Sires 741 0 .0037 3.80** 11 .9 
Hens/bams 3355 0 .0019 19.22 60, .4 
Total 4215 31.85 100, .0 
Years 10 0 .3115 21.63** 45. 6 
Sires/Years 85 0 .0057 1.80** 3. 8 
Dams/Sires 433 0 .0028 1.94** 4. 1 
Hens/bams 1047 0, .0022 22.07 46. .5 
Total 1575 47.44 100. ,0 
Years 10 0, .0820 2.98** 9. ,2 
Sires/Years 90 0, .0128 3.66** 11. 3 
Dams/Sires 532 0, .0037 3.97** 12. 3 
Hens/bams 1868 0. 0022 21.74 67. 2 
Total 2500 32.35 100. 0 
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Table 68. Analysis of variance for 32 week egg weight 
Variance^  
Line Source d.f. M.S. component Percentage 
A 
Years 11 0.4448 7.98** 42 .6 
Sires/years 178 0.0058 1.16** 6 .2 
Dams/Sires 1375 0.0015 1.84** 9 .8 
Hens/bams 5143 0.0008 7.75 4l .4 
Total 6707 18.73 100 .0 
Years 11 0.0159 1.08** 9 .4 
Sires/Years 96 0.0025 0.98** 8, .5 
Dams/Sires 395 0.0011 1.17** 10 .2 
Hens/bams 953 0.0008 8.23 71. 9 
Total 1455 11.46 H 0
 
0
 
.0 
Years 11 0.2846 17.09** 59. 5 
Sires/Years 99 0.0038 1.24** 4. 3 
Dams/Sires 473 0.0015 1.96** 6. 8 
Hens/Dams 1402 0.0008 8.45 29. ,4 
Total 1985 28.75 
0
 
0
 
H
 .0 
^Components were all multiplied by 10,000. 
**P < .01. 
Table 68. (Continued) 
Variance 
Line Source d.f. M.S. component^  Percentage 
D 
Years 11 0.0255 1.21** 10 .0 
Sires/ïears 88 0.0036 1.09** 9 .0 
Dams/Sires 505 0.0013 1.15** 9 .5 
Kens/Dams 1536 0.0009 8.65 71. 5 
Total 2140 12.10 100, .0 
Years 11 0.5805 32.71** 75. 0 
Sires/Zears 88 0.0041 1.4l** 3. 2 
Dams/Sires 496 0.0011 0.81** 1. 9 
Hens/bams 1542 0.0009 8.66 19. 9 
Total 2137 43.59 100. ,0 
Years 7 0.0326 1.16** 8. 0 
Sires/Sfears 57 0.0055 1.33** 9. ,2 
Dams/Sires 440 0.0017 1.81** 12. 5 
Hens/bams 1340 0.0010 10.19 70. 3 
Total 1844 14.49 100. ,0 
Years 7 0.0331 1.17** 10. ,4 
Sires/Years 55 0.0045 0.94** 8. ,4 
Dams/Sires 455 0.0014 1.70** 15. 1 
Hens/Dams 1443 0.0007 7.45 66. 1 
Total i960 11.26 100. 0 
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Table 68. (Continued) 
Variance 
Line Source d.f. M.S. component^  Percentage 
J 
Years 7 0 .1780 3 .74** 24 .7 
Sires/^ ears 112 0 .0065 1 .47** 9 .7 
Dams/Sires 729 0 .0016 1 .80** 11 .9 
Hens/Dams 2996 0 .0008 8 .12 53 .7 
Total 3844 15 .13 100, .0 
Years 10 0, .0235 2, .10** 13. 4 
Sires/Years 84 0, .0024 0, .89** 5. 7 
Dams/Sires 368 0. .0014 0. 64 4. ,1 
Hens/bams 646 0, .0012 12. 05 76. ,8 
Total 1108 15. ,68 100. 0 
Years 10 0. .0697 3. 39** 25. 7 
Sires/Years 90 0. ,0040 1. 48** 11. 3 
Dams/Sires 520 0. 0009 0. 41* 3. 2 
Hens/bams 1513 0. 0008 7. 88 59. 8 
Total 2133 13. 16 100. 0 
*P < .05. 
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Table 69. Analysis of variance for part-record rate of 
production 
Variance 
Line Source d.f. M.S. component®" Percentage 
A 
Years 11 2.5567 4.11** 10.6 
Sire s/Years 178 0.0476 0.12 0 .3  
Dams/Sires 1413 0.0410 1.87** 4.8 
Hens/bams 5853 0.0326 32.56 84.3 
Total 7455 38.66 100.0 
Years 11 0.8985 5.96** 11.4 
Sires/years 96 0.0619 0.36 0.7 
Dams/Sires 425 0.0537 3.89** 7.5 
Hens/bams 1160 0.0420 41.96 80.4 
Total 1692 52.17 100.0 
Years 11 0.6558 3.10** 6 .2  
Sires/Years 99 0.0630 0.40 0.8 
Dams/Sires 495 0.0533 2.67** 5.4 
Hens/Dams 1691 0.0436 43.57 87.6 
Total 2296 49.74 100.00 
^Components were all multiplied by 1,000. 
**P < .01. 
Table 69. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
D 
Years 11 1.8343 8.86** 17.2 
Sires/Years 88 0.0564 0.18 0.4 
Dams/Sires 522 0.0497 2.65** 5.2 
Hens/bams 1809 0.0397 39.73 77.2 
Total 2430 51.42 100.0 
Years 11 0.4942 2.22** 5.8 
Sires/Years 88 0.0553 0.23 0.6 
Dams/Sires 512 0.0470 3.99** 10.4 
Hens/Dams 1770 0.0320 32.04 83.2 
Total 2381 38.48 100.0 
Years 7 0.1860 0.65** 2.8 
Sires/Years 57 0.0272 0.17 0.8 
Dams/Sires 445 0.0204 0.00 0.0 
Hens/bams 1467 0.0220 22.02 96.4 
Total 1976 22.84 100.0 
Years 7 0.5496 1.89** 7.3 
Sires/Years 55 0.0526 0.72** 2.8 
Dams/Sires 465 0.0272 1.37** 5.3 
Hens/bams 1587 0.0219 21.93 84.6 
Total 2114 25.91 100.0 
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Table 69. (Cent inued) 
Variance 
Line Source d.f. M.S. component Percentage 
J 
Years 7 0.5373 1.03** 5.1 
Sires/^ears 111 0.0320 0.23* 1.1 
Dams/Sires 736 0.0232 1.16** 5.7 
Hens/Dams 3254 0.0178 17.79 88.1 
Total 4108 20.21 100.0 
Years 10 0.6814 5.26** 11.2 
Sires 84 0.0630 1.34** 2.8 
Dams/Sires 401 0.0439 2.24 4.8 
Hens/bams 810 0.0383 38.29 81.2 
Total 1305 47.13 100.0 
Years 10 0.3102 1.29** 5.1 
Sires/Years 90 0.0382 0.60** 2.4 
Dams/Sires 525 0.0245 0.32 1.3 
Hens/Dams 1689 0.0233 23.34 91.2 
Total 2314 25.55 100.0 
*P < .05. 
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Table 69. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
J 
Years 7 0.5373 1.03** 5.1 
Sires/ïears 111 0.0320 0.23* 1.1 
Dams/Sires 736 0.0232 1.16** 5.7 
Hens/Dams 3254 0.0178 17.79 88.1 
Total 4108 20.21 100.0 
Years 10 0.6814 5.26** 11.2 
Sires 84 0.0630 1.34** 2.8 
Dams/Sires 401 0.0439 2.24 4.8 
Hens/bams 810 0.0383 38.29 81.2 
Total 1305 47.13 100.0 
L 
Years 10 0.3102 1.29** 5.1 
Sires/Years 90 0.0382 0.60** 2.4 
Dams/Sires 525 0.0245 0.32 1.3 
Hens/Dams 1689 0.0233 23.34 91.2 
Total 2314 25.55 100.0 
*P < .05. 
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Table 70. Analysis of variance for total rate of egg pro­
duction 
Variance 
Line Source d.f. M.S. component" Percentage 
A 
Years 11 1.7943 2 .74** 5 .6 
Sires/Years 178 0.0943 0 .72** 1 .5 
Dams/Sires 1413 0.0617 4 .63** 9 .5 
Hens/Dams 5940 0.0405 40 .50 83. 4 
Total 7542 48 .59 
0
 
0
 
H
 .0 
Years 11 1.4352 8 .46** 11. 9 
Sires/Years 96 0.1036 2, .05** 2. 9 
Dams/Sires 441 0.0669 2, .70 3. ,8 
Hens/Dams 1342 0.0581 58. 10 81. .4 
Total 1890 71. 31 100. 0 
Years 11 0.7375 3. 29** 4. 7 
Sires/years 98 0.1008 0. 54 0. 8 
Dams/Sires 487 0.0853 7. ,04** 10. 1 
Hens/Dams 1717 0.0589 58. ,96 84. 4 
Total 23.13 69. ,83 100. 0 
^Components were all multiplied by 1,000. 
**P < .01. 
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Table 70. (Continued) 
Variance 
Line Source d.f. M.S. component®" Percentage 
D 
Years 11 1.4062 6.54** 11.1 
Sires/Years 88 0.0761 0.23 0.4 
Dams/Sires 525 0.0662 4.97** 8.4 
Hens/Dams 1837 0.0473 47.33 80.1 
Total 2461 59.07 100.0 
Years 11 0.7977 3.53** 5 . 9  
Sires/Years 88 0.0827 0.06 0 . 1  
Dams/Sires 514 0.0759 6.91** 11.6 
Hens/Dams 1834 0.0492 49.24 82.4 
Total 2447 59.74 100.0 
Years 7 0.4536 1.50** 4.0 
Sires/Years 57 0.0680 0.92** 2.4 
Dams/Sires 453 0.0385 1.02 2.7 
Hens/Dams 1533 0.0346 34.58 90.9 
Total 2050 38.02 100.0 
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Table 70. (Continued) 
Variance 
Line Source d.f. M.S. component®" Percentage 
Years 7 0.4677 1.49** 4 .3 
Sires/Years 55 0.0674 0.59* 1 .7 
Dams/Sires 468 0.0434 3.67** 10 .5 
Hens/Dams 1618 0.0291 29.10 83 .5 
Total 2148 34.85 100, .0 
Years 7 0.6316 1.13** 4. 0 
Sires/Years 112 0.0659 0.87** 3. 1 
Dams/Sires 739 0.0342 2.06** 7. 2 
Hens/bams 3345 0.0243 24.30 85. .7 
Total 4203 28.36 
0
 
0
 
1—1 
,0 
Years 10 0.3759 2.05** 3. 7 
Sires/Years 85 0.1019 2.91** 5. ,2 
Dams/Sires 4l4 0.0578 3.91* 6. .9 
Hens/bams 916 0.0474 47.37 84. 2 
Total 1425 56.24 100. 0 
Years 10 0.5031 1.94** 4. ,8 
Sires/Years 90 0.0718 1.13** 2. ,8 
Dams/Sires 530 0.0441 2.54** 6. 3 
Hens/bams 1796 0.0346 34.61 86. 1 
Total 2426 40.22 100. 0 
*P < .05. 
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Table 71. Analysis of variance for egg mass 
Variance 
Line Source d.f. M.S. component Percentage 
Years 11 0.7485 1.33** 7.5 
Sires/fears 178 0.0315 0.37** 2.1 
Dams/Sires 1371 0.0183 0.70** 4.0 
Hens/bams 5028 0.0154 15.38 86.4 
Total 6588 17.78 100.0 
Years 11 0.2854 2.14** 7.8 
Sires/Years 96 0.0345 0.65* 2.4 
Dams/Sires 388 0.0359 0.82 3.0 
Hens/Dams 911 0.0237 23.70 86.8 
Total l406 27.31 100.0 
Years 11 0.3741 2.06** 8.0 
Sires/Years 98 0.0415 1.00** 3.9 
Dams/Sires 463 0.0241 0.57 2.2 
Hens/bams 1351 0.0223 22.28 85.9 
Total 1923 25.91 100.0 
^Components were all multiplied by 1,000. 
*P < .05. 
**P < .01. 
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Table 71. (Continued) 
Variance 
Line Source d.f. M.S. component®" Percentage 
D 
Years 11 0.5260 2 .92** 12 .2 
Sires/Years 88 0.0277 0 .08 0 .3 
Dams/Sires 499 0.0248 1 .62** 6, .7 
Hens/bams 1463 0.0195 19 .48 80, .8 
Total 2061 24, .10 100, .0 
Years 11 0.1916 0, .93** 4, .8 
Sires/Years 88 0.0290 0, .16 0. .8 
Dams/Sires 489 0.0242 2, .30** 11. .7 
Hens/Dams 1511 0.0162 16, .23 82. .7 
Total 2099 19. .62 100. ,0 
Years 7 0.1898 0, .72** 5. .1 
Sires/Years 57 0.0262 0. .48** 3. ,4 
Dams/Sires 436 0.0130 0. .04 0. .3 
Hens/bams 1321 0.0129 12. .87 91. .2 
Total 1821 l4. .11 100. ,0 
Years 7 0.5443 2, ,15** 13. .7 
Sires/Years 55 0.0262 0. ,38** 2. ,4 
Dams/Sires 450 0.0141 0. ,38* 2. ,4 
Hens/Dams 1426 0.0128 12. 77 81. 5 
Total 1938 15. ,68 100. 0 
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Table 71. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
J 
Years 7 0.4514 0.96** 6.4 
Sires/ïears 111 0.0279 0.37** 12.5 
Dams/Sires 725 0.0158 0.66** 4.4 
Hens/bams 2862 0.0130 13.00 86.7 
Total 3705 14.99 100.0 
Years 10 0.2639 2.47** 8.2 
Sires/Zears 84 0.0276 0.00 0.0 
Dams/Sires 362 0.0302 2.01* 6.6 
Hens/bams 593 0.0258 25.80 85.2 
Total 1049 30.28 100.0 
Years 10 0.2960 1.43** 9.0 
Sires/Years 90 0.0289 0.69** 4.3 
Dams/Sires 517 0.0150 0.55* 3.5 
Hens/Dams 1427 0.0132 13.24 83.2 
Total 2044 15.91 100.0 
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Table 72. Analysis of variance for the ratio 32 week egg 
weight/32 week body weight 
Variance 
Line Source d.f. M.S. component Percentage 
A 
Years 11 0 .1783 0.30** 10 .3 
Sires/^ears 178 0 .0150 0.33** 11 .4 
Daras/Sires 1374 0 .0033 0.33** 11 .5 
Hens/bams 5090 0 .0019 1.92 66 .8 
Total 6653 2.88 100, .0 
Years 11 0, .2933 2.42** 50. .0 
Sires/ïears 96 0. .059 0.26** 5. .4 
Dams/Sires 394 0. .0025 0.19* 3. .9 
Hens/bams 937 0. ,0020 1.96 40. • 1 
Total 1438 4.83 100. ,0 
Years 11 0. 1930 1.14** 32. 9 
Sires/years 99 0. ,0073 0.28** 8. 2 
Dams/Sires 471 0. 0024 0.14** 4. 2 
Hens/bams 1381 0. 0019 1.89 54. 7 
Total 1962 3.45 100. 0 
^Components were all multiplied by 1,000. 
*P < .05. 
**P ^ .01. 
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Table 72. (Continued) 
Variance 
Line Source d.f. M.S. component^ Percentage 
D 
Years 11 0.0364 0.13** 4 .4 
Sires/Tears 88 0.0118 0.38** 12 .7 
Dams/Sires 502 0.0036 0.48** 16 .1 
Hens/Dams 1514 0.0020 1.99 66 .8 
Total 2115 2.98 100 .0 
Years 11 0.0332 0.13** 4, .8 
Sires/Years 88 0.0086 0.25** 9. .2 
Dams/Sires 495 0.0032 0.33** 11. .7 
Hens/Dams 1526 0.0021 2.05 74. .3 
Total 2120 2.76 M
 0
 
0
 
.0 
Years 7 0.5566 2.39** 49. .5 
Sires/Tears 57 0.0098 0.25** 5. .3 
Dams/Sires 440 0.0026 0.16** 3. .3 
Hens/bams 1339 0.0020 2.02 41. .9 
Total 1843 4.82 100. ,0 
Years 7 0.1704 0.65** 24. .5 
Sires/Years 55 0.0113 0.29** 10. ,9 
Dams/Sires 455 0.0022 0.18** 6. ,8 
Hens/Dams 1439 0.0015 1.54 57. 8 
Total 1956 2.66 100. 0 
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Table 72. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
J 
Years 7 0.0380 0.05** 2 .2 
Sires/years 112 0.0133 0.32** 12, .7 
Dams/Sires 729 0.0031 0.29** 11, .8 
Hens/bams 2964 0.0018 1.82 73. .3 
Total 3812 2.48 100, .0 
Years 10 0.2407 2.40** 46. .8 
Sires/Years 84 0.0048 0.18** 3. .5 
Dams/Sires 369 0.0027 0.12 2. ,3 
Hens/Dams 636 0.0024 2.43 47. 4 
Total 1099 5.13 100. 0 
Years 10 0.0800 0.35** 11. 7 
Sires/years 90 0.0109 0.36** 12. 1 
Dams/Sires 520 0.0033 0.44** 14. 8 
Hens/Dams 1499 0.0018 1.85 61. 5 
Total 2119 3.00 100. 0 
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Table 73. Analysis of variance for the efficiency index 
Variance 
Line Source d.f. M.S. component Percentage 
A 
Years 11 1.5797 2 00
 Î 14.2 
Sires/years 178 0.0357 0 .46** 2.3 
Dams/Sires 1371 0.0191 0 .73** 3.6 
Hens/Dams 5028 0.0161 16 .08 79.9 
Total 6588 20 .13 100.0 
Years 11 0.4371 3 .39** 11.2 
Sires/Years 96 0.0399 0, .96* 3.2 
Dams/Sires 388 0.0274 0, .84 2.8 
Hens/bams 911 0.0251 25. .14 82.8 
Total 1406 30. .33 100.0 
Years 11 0.6368 3. .74** 14.0 
Sires/Years 98 0.0379 0. ,89** 3.4 
Dams/Sires 463 0.0227 0, ,28 1.1 
Hens/bams 1351 0.0217 21. 74 81.5 
Total 1923 26. 66 100.0 
^Components were all multiplied by 1,000. 
*P < .05. 
**? < .01. 
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Table 73. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
D 
Years 11 0.5804 3.10** 11.5 
Sires/Years 88 0.0489 0.96** 3.6 
Dams/Sires 499 0.0277 2.12** 7.9 
Hens/Dams 1463 0.0208 20.75 77.0 
Total 2061 26.93 100.0 
Years 11 0.4797 2.63** 12.5 
Sires/Years 88 0.0217 0.00 0.0 
Dams/Sires 489 0.0225 1.66** 7.9 
Hens/Dams 1511 0.0168 16.78 79.6 
Total 2099 21.07 100.0 
Years 7 0.8585 3.68** 20.5 
Sires/Vears 57 0.0268 0.46** 2.6 
Dams/Sires 436 0.0141 _ 0.09 0.5 
Hens/Dams 1321 0.0137 13.72 76.4 
Total 1821 17.95 100.0 
Years 7 0.0945 0.27** 2.0 
Sires/Years 55 0.0288 0.49** 3.6 
Dams/Sires 450 0.0137 0.31 2.3 
Hens/bams 1426 0.0125 12.53 -92.1 
Total 1938 13.60 100.0 
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Table 73. (Continued 
Variance 
Line Source d.f. M.S. component Percentage 
J 
Years 7 0.3861 0.80** 5 .0 
Sires/ïears 111 0.0305 0.40** 2 .5 
Dams/Sires 725 0.0173 0.78** 4 .9 
Hens/Dams 2862 0.0140 14.02 .87 .6 
Total 3705 16.00 100, .0 
Years 10 0.3083 2.92** 8, .9 
Sires/ïears 84 0.0330 0.05 0. .2 
Daras/Sires 362 0.0318 1.64 5. .0 
Hens/bams 593 0.0281 28.14 85. .9 
Total 1049 32.75 100. ,0 
Years 10 0.3075 1.50** 8. ,8 
Sires/ïears 90 0.0278 0.53** 3. ,1 
Dams/8ires 517 0.0169 0.85* 5. ,0 
Hens/bams 1427 0.0141 14.13 83. 0 
Total 2044 17.01 100. 0 
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Table 74. Analysis of variance for inbreeding 
Variance 
Line Source d.f. M.S. component Percentage 
A 
Years 9 49.4201 0.0716** 69.2 
Sires/^ears 149 0.3089 0.0031** 3.0 
Dams/Sires 1235 0.1412 0.0289** 27.8 
Hens/Dams 5560 0.0000 0.0000 0.0 
Total 6953 0.1036 100.0 
Years 9 29.7911 0.1120** 71.2 
Sires/^ears 71 O.35O6 0.0066** 4.2 
Dams/Sires 403 0.1455 0.0388** 24.6 
Hens/bams 1440 0.0000 0.0000 0.0 
Total 1923 0.1574 100.0 
Years 9 28.6846 0.1171** 74.8 
Sires/Years 73 0.3583 0.0060** 3.8 
Dams/Sires 454 0.1446 0.0335** 21.4 
Hens/bams 1888 0.0000 0.0000 0.0 
Total 2424 0.1566 100.0 
**P < .01. 
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Table 74. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
Years 9 26.6259 0.1066** 78.4 
Sires/years 69 0.1951 0.0013 0.9 
Dams/Sires 483 0.1192 0.0281** 20.7 
Hens/bams 1932 0.0000 0.0000 0.0 
Total 
Years 9 30.4132 0.1207** 75.2 
Sires/Vears 71 0.2055 0.0000 0.0 
Dams/Sires 484 0.1701 0.0399** 24.8 
Hens/Dams 1945 0.0000 0.0000 0.0 
Total 2509 0.1606 100.0 
Years 7 22.3107 0.0823** 88.8 
Sires/Years 57 0.1481 0.0034** 3.7 
Dams/Sires 457 0.0280 0.0069** 7.5 
Hens/Dams 1649 0.0000 0.0000 0.0 
Total 2170 0.0926 100.0 
Years 7 21.7818 0.0785** 85.9 
Sires/Years 55 0.1551 0.0030** 3.3 
Dams/Sires 467 0.0399 0.0099** 10.8 
Hens/bams 1687 0.0000 0.0000 0.0 
Total 2216 0.0914 100.0 
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Table 74. (Continued) 
Variance 
Line Source d.f. M.S. component Percentage 
J 
Years 5 45.5082 0.0731** 53.8 
Sires/years 82 0.8115 0.0114** 8.4 
Dams/Sires 633 0.2670 0.0514** 37.8 
Hens/Dams 3110 0.0000 0.0000 0.0 
Total 3830 0.1359 100.0 
Years 8 16.5950 0,1007** 70.3 
Sires/years 62 0.2655 0.0056** 3.9 
Dams/Sires 385 0.1142 0.0370** 25.8 
Hens/bams 1024 0.0000 0.0000 0.0 
Total 1479 0.1433 100.0 
Years 8 27.7763 0.1038** 67.6 
Sires/Years 65 0.4905 0.0084** 5.5 
Daras/Sires 472 0.1725 0.0413** 26.9 
Hens/Dams 1825 0.0000 0.0000 0.0 
Total 2370 0.1535 100.0 
Table 75. Heritabillty estimates for shank length, the condition index and 
housing body weight from the sire component (h2) and the dam component 
^'
Shank length Condition index Housing body weight 
Line h| h2 h2 h| h| h| 
A 0.45 ± 0.07 0.56 + 0.05 0. 36 + 0.06 0.72 + 0.05 0.49 ± 0.07 0.79 + 0.05 
B 0.15 ± 0.07 0.49 ± 0.10 0. 28 f 0.09 0.56 ± 0.10 0.19 + 0.07 0.57 t 0.10 
C 0.28 ± 0.09 0.60 ± 0.09 0. 17 0.06 0.36 ± 0.08 0.22 ± 0.07 0.61 t 0.09 
D 0.49 ± 0.12 0.52 ± 0.08 0. 39 ± 0.08 0.56 ± 0.08 0.49 ± 0.11 0.64 t 0.08 
E 0.48 ± 0.11 0.42 ± 0.08 0. 26 ± 0.08 0.64 0.09 0.35 ± 0.09 0.85 + 0.10 
P 0.39 ± 0.11 0.65 ± 0.09 0. 42 ± 0.09 0.35 0.08 0.43 •Jb 0.11 0.61 ± 0.09 
G 0.33 ± 0.09 0.52 + 0.09 0. 36 ± 0.09 0.31 ± 0.08 0.53 ± 0.13 0.52 ± 0.09 
J 0.35 ± 0.08 0.64 ± 0.07 0. 33 t 0.07 0.43 0.06 0.35 ± 0.07 0.55 ± 0.06 
K 0.25 ± 0.09 0.37 ± 0.12 0. 15 ± 0.06 0.41 ± 0.11 0.31 ± 0.09 0.37 ± 0.11 
L 0.56 dt 0.12 0.31 ± 0.07 0. 22 ± 0.07 0.52 d: 0.09 0.37 ± 0.09 0.60 + 0.09 
Mean 0.37 0.03 0.50 + 0.03 0. 29 ± 0.01 0.48 ± 0.03 0.37 ± 0.03 0.61 ± 0.03 
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Table 76. Heritability estimates for 32 week body weight 
and egg weight from the sire component (h2) 
and the dam component (h^) 
Body weight Egg weight 
Line h| h| h| hi" 
A 0.49 ± 0.07 0.78 i 0.05 0.43 ± 0.07 0.68 t 0.05 
B 0.21 t 0.07 0.45 ^ 0.10 0.38 ^ 0.11 0.45 - 0.13 
c 0.26 ± 0.07 0.45-0.09 0.43 ± 0.11 0.67 -0.11 
D 0.47 - 0.11 0.66 t 0.10 0.40 t 0.10 0.42 ± 0.09 
E 0.48 i 0.11 0.71 ^ 0.09 0.52 i 0.11 0.30 i 0.08 
P 0.34 i 0.10 0.72 i 0.10 0.40 i 0.11 0.54 i 0.10 
C- 0.67 t 0.16 0.58 t 0.09 0.37 - 0.11 0.67 i 0.10 
J 0.46 i 0.09 0.58 t 0.06 0.52 i 0.10 0.63 ^ 0.07 
K 0.28 t 0.09 0.30 ^ 0.11 0.26 i 0.10 0.19 - 0.15 
L 0.50 i 0.11 0.54 i 0.08 0.61 i 0.12 0.17 - 0.08 
Mean 0.42 i 0.04 O.58 ^ 0.05 0.43 - O.O3 0.47 - O.O6 
Table 77. Full-slb herltablllty estimates by generations for the body weight 
and egg weight lines 
Generation 
Line Trait* "0 1 2 3" U 5 6 7 8 9 ID IT 
B BW 0.62 0.41 0.59 0.56 0.34 0.26 0.29 0.21 0.46 _b 0.62 0.18 
C BW 0.62 0.15 0.31 0.50 0.39 0.58 0.26 0.30 0.56 0.27 0.24 0.56 
K BW 0.65 0.47 0.38 0.41 0.34 _b _b 0.11 0.03 0.34 0.27 
D EW 0.55 0.26 _b 0.72 0.36 0.20 0.42 0.50 0.53 0.60 0.55 0.88 
E EW 0.55 0.59 0.08 0.39 0.73 0.16 0.45 0.43 0.52 0.20 0.53 0.42 
L EW 0.65 0.28 0.50 0.34 0.41 _b 0.12 0.91 0.71 _b 0.71 
^BW = body weight, 
EW = egg weight. 
^Negative estimate. 
tic 
0 
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11 
Mean 
Heritability estimates for part-record rate of 
egg production by generations 
Leghorn 
Line A 
Sire Dam Full-sib 
0.13 + 0.06 0.28 + 0.09 0.20 + 0.05 
-0.03 ± 0.03 0.25 + 0.14 0.11 + 0.06 
0.03 ir 
o
 
d
 1.13 + 0.11 0.08 ± 
m
 
O
 
d
 
0.04 ± 0.05 0.33 + 0.11 0.18 ± 
o
 
d
 
0.00 i 0.03 0.04 t 0.11 0.02 + 0.05 
0.16 + 0.12 -0.20 + 0.20 -0.02 + 0.10 
-0.06 ± 0.04 -0.09 + 0.18 -0.07 + 0.08 
-0.03 ± 0.05 0.36 ± 0.17 0.16 0.08 
0.10 + 0.09 -0.01 ± 0.17 0.04 + 0.09 
0.14 ± 0.13 0.16 ± 0.21 0.15 + 0.11 
0.10 + 0.11 0.38 ± 0.19 0.24 0.10 
0.01 + 0.05 0.27 ± 0.11 0.14 + 0.05 
0.05 ± 0.02 0.16 ± 0.05 0.10 + 0.03 
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Payoumi 
Line J 
Sire Dam Full' -sib 
0.10 t 0.09 0.34 t 0.18 0.22 + 0.08 
0.06 t 0.13 0.57 - 0.26 0.32 + 0.12 
0.03 i 0.05 -0.08 ^ 0.13 -0.02 o.o6 
0.09 i 0.07 0.24 i 0.10 0.16 + 0.06 
0.04 t 0.04 -0.01 - 0.09 0.02 + 0.04 
0.05 - 0.05 0.04 - 0.12 0.04 + 0.06 
0.03 t 0.08 0.83 - 0.24 0.40 + 0.11 
0.03 i 0.17 0.11 ^ 0.51 0.07 + 0.24 
0.05 ^ 0.01 0.26 - 0.11 0.15 + 0.05 
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Table 79. Genetic correlations estimated from the sire and 
dam components of covariance for housing body 
weight (HBWX shank length (SL) and the condition 
index (Condi with part-record rate of egg pro­
duction (Pj) 
SL with P2 Cond with P2 HBW with Pj 
Line Sire Dam Sire Dam Sire Dam 
A 
B 
C 
D 
E 
F 
G 
J 
K 
0.08 
-0.37 
-0.27 
-0.38 
3.41 
-0.16 
-0.19 
0.15 
-0.34 
0.30 
0.22 
-0.24 
0.65 
0,28 
0.36 
-0.72 
0.11 
0.26 
0.38 
0.00 
-0.01 
-0.15 
0.61 
-0.71 
-1.16 
-0.14 
0.13 
0.08 
0.21 
0.28 
0.20 
0.49 
1.08 
-0.30 
0.60 
0.42 
0.39 
0.25 
-0.88 
0.01 
0.02 
—0 « 28 
0.45 
-0.67 
0.94 
-0.20 
0.04 
0.15 
-0.16 
0.37 
0.22 
0.30 
0.45 
-0.15 
0.57 
0.01 
0.30 
0.32 
-0.63 
0.01 
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Table 80. Genetic correlations estimated from the sire and 
dam components of covariance for housing body-
weight (HBW), shank length (SL) and the condition 
(Cond) index with full-record rate of egg pro­
duction 
SL with PT Cond with HBW with Pg, 
Line Sire Dam Sire Dan Sire Dam 
A -0.13 0.22 -0.18 0.35 -0.l8 0.36 
B -0.63 -0.10 -0.19 0.48 -0.40 0.34 
C -1.09 0.28 0.55 0.72 0.02 O.58 
D -0.41 0.08 -0.33 -0.20 -0.41 -0,l4 
E 0.20 0.43 0.40 
P -0.36 -0.05 0.32 0.14 0.13 0.07 
G 0.18 0.30 0.44 0.43 0.39 0.40 
J -0.01 -0.05 -0.04 0.23 -0.04 0.15 
K 0.15 -0.07 -0.33 -0.01 -0.05 -0.03 
L 0.24 0.07 -0.28 0.14 -0.08 0.13 
^Variance component estimate was negative. 
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Table 8l. Genetic correlations estimated from the sire and 
dam components of covariance for housing body 
weight (HBW), shank length fSL) and the condition 
index (Cond) with egg mass (EM) 
SL with EM Cond with EM HBW with EM 
Line Sire Dam Sire Dam Sire Dam 
A 0.24 0.41 0.21 0.50 0.24 0.54 
B -1.99 -0.22 -0.15 0.51 -0.23 0.40 
C -0.06 0.73 0.70 0.89 0.6l 0.84 
D " -0.48 0.41 -0.72 -0.26 -0.67 -0.08 
E 1.53 0.42 -0.11 0.60 0.56 0.60 
F 0.50 -1.15 -0.09 2.38 -0.07 2.03 
G 0.04 0.49 0.34 0.80 0.26 0.68 
J 0.24 0.46 0.19 0.53 0.29 0.63 
K -0.40 0.44 1.81 -0.51 0.60 -0.30 
L 0.38 -0.09 0.35 0.05 0.46 0.01 
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Table 82. Genetic correlations estimated from the sire and 
dam components of variance for housing body 
weight (HBW), shank length (SL) and the condition 
index (Cond) with the efficiency index (Eff) 
SL with Eff Cond with Eff HBW with Eff 
Line Sire Dam Sire Dam Sire Dam 
A -0.67 -0.43 -0.54 -0.35 -0.61 -0.42 
B -0.07 -0.32 -0.53 0.23 -0.62 0.07 
C -0.42 0.23 0.52 0.56 0.32 0.42 
D -0.75 -0.04 -0.74 -0.58 -0.83 -0.51 
E _a 0.02 _a 0.20 _a 0.16 
F -0.47 -1.74 -0.45 -0.61 -0.59 -1.25 
G —0,89 -0.31 -0.40 -0.08 -0.51 -0.15 
J -0.35 -0.20 -0.27 -0.19 ' -0.4l -0.24 
K -0.85 0.46 0.39 -0.82 -0.46 -0.56 
L -0.39 -0.53 -0.25 -0.49 -0.39 -0.55 
^Variance component estimate was negative. 
253 
Table 83. Genetic correlations for 32 week body weight with 
egg weight estimated from the sire and dam com­
ponents of variance 
Sire Dam 
Line component component 
A 0.48 0.63 
B 0.07 0.41 
c 0.19 0.77 
D 0.38 0.35 
E 0.66 0.64 
F 0.38 0.82 
G 0.55 0.72 
J 0.33 0.56 
K 0.38 0.97 
L 0.35 -0.21 
Mean 0.38 0.57 
Table 84. Full-sib genetic (Gen) and phenotypic (Phen) correlations 
Traits correlated^ 
?! X EW/BW Prp X EW/BW X EM P^ x EM 
Line Gen Phen Gen Phen Gen Phen fîën Phen 
A -0.16 -0.05 0.03 -0.02 0.86 0.97 0.85 0.50 
B 0.09 0.04 0.00 0.43 0.93 0.98 0.56 0.54 
C -0.28 -0.12 -0.25 -0.09 0.90 0.98 0.66 0.59 
D 0.16 0.03 0.19 0.04 0.96 0.47 0.80 0.58 
E -0.26^ -0.09 -0.21^ -0.09 0.99b 0.97 0.77b 0.58 
F -0.29 0.00 0.22 0.07 0.66 0.95 0.57 0.47 
^P_ = part-record rate of egg production (%), 
Pm = full-record rate of egg production (^), 
Ew/BW =a egg weight body weight ratio (gm of egg/lb of body weight), 
EM = egg mass (gm of egg laid/day), 
BW = 32 week body weight (lb), 
EW = 3'2 week egg weight (gm), 
Eff = efficiency index (gm of egg laid/day/lb of body weight). 
^Estimated from the dam component. 
Table 84. (Continued) 
Traits correlated^ 
X EW/BW Pq, X EW/BW x EM Pip x EM 
Line Gren Phen Gen Phen Gen Phen Gen Phen 
G -0.20 -0.13 -0.17 -0.06 0.84 O.96 0.62 0.52 
J -0.19 -0.03 -0.08 -0.05 0.86 0.96 0.51 0.45 
K -0.14b 0.11 ' 0.00 0.06 0.98* 0.98 0.78 0.46 
L -0.28 -0.06 -0.13 -0.02 0.94 0.97 O.56 0.42 
Mean -O.I6 -0.03 -0.04 0.03 O.89 0.97 O.67 O.51 
Table 84. (Continued) 
Traits correlated a 
EM X BW EM X EW EM X EW/BW EM X Eff 
.ne Gen Phen Gen Phen Gen Phen Gen Phen 
A 0.43 0.15 0.57 0.27 -0.15 0.02 0.57 0.92 
B 0.02 0.03 0.39 0.23 0.26 0.12 0.90 0.96 
C 0.52 0.21 0.55 0.25 -0.02 -0.02 0.87 0.96 
D -0.20 0.04 0.09 0.18 0.27 0.07 0.91 0.93 
E 0.69 0.21 0.90 0.31 -0.37 -0.02 0.89b 0.92 
F 0.69 0.13 0.77 0.33 -0.16 0.13 0.35 0.92 
G 0.49 0.22 0.62 0.27 -0.18 -0.04 0.53 0.92 
J 0.32 0.11 0.47 0.26 -0.01 0.06 0.70 0,92 
K 0.22 -0.01 0.26 0.25 -0.04 0.23 0.96b 0.96 
L 0,31 0.14 0.35 0.24 -0.13 0.00 0.74 0.91 
Mean 0.35 0.12 0.50 0.26 -0.05 0.06 0.74 0.93 
Table 84. (Continued) 
Traits correlated®" 
X iiir Pij, X Eff Eff X BW Eff x EW 
Line Gen Phen Gen Phen Gen Phen Gen Phen 
A 0.68 0.92 0.76 0.46 -0.51 -0.26 0.00 0.10 
B 0.87 0.95 0.85 0.54 -0.44 -0.26 0.72 0.14 
C 0.84 0.95 0.68 0.56 0.00 -0.07 0.40 0.17 
D 0.86 0.94 0.72 0.57 -0.69 -0.33 -0.14 0.02 
E 0.91^ 0.93 0.74b 0.53 0.08 b -0.17 0.55b 0.17 
F 0.56 0.91 0.56 0 .47 -0.69 -0.28 -0.12 0.17 
G 0.66 0.92 0.39 0.48 -0.53 -0.18 -0.03 0.10 
J 0.72 0.92 0.46 0 .43 -0 .47 -0.30 0.10 0.10 
K 0.98^ 0.96 1.02 0.46 —0.28 -0.28 0.03 0.17 
L 0.70 0.91 0.47 0.39 -0.44 -0.29 0.21 0.08 
Mean O.78 0.93 0.6? 0.49 -0.40 -0.24 O.15 0.12 
Table 84. (Continued) 
Eff X EW/B BW X EW/BW EW x EW/BW 
Line Gen Phen Gen Phen Gen Phen 
A 0.63 0.34 -0.84 -0.80 -0.02 0.26 
B 0.57 0.34 -0.79 -0.77 0.49 0.44 
C 0.34 0.19 -0.67 -0.73 0.54 0.46 
D 0.65 0.36 -0.88 -0.81 0.19 0.22 
E 0.17b 0.29 -0.89 -0.80 -0.17 0.27 
P 0.73 0.41 -0.75 -0.71 0.08 0.39 
G 0.64 0.26 -0.85 -0.75 -0.02 0.30 
J 0.58 0.37 -0.76 -0.77 0,29 0.32 
K 0.43 0.43 -0.83 -0.68 0.17 0.70 
L 0.51 0.35 -0.89 -0.82 0.39 0.24 
san 0.53 0.33 -0.82 -0.76 0.19 0.36 
